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coolant) of the equivalent cylindrical cell are developed.
Nuclear Doppler broadening feedback is included in the dynam-
ic model making the coupled equations non-linear. The re-
sulting non-linear partial differential field equatiuns are
tr'insfornmed into a system of ordinary differential equations
by the finite element method. An isoparametric, quadratic,
rectangular element is used for the discretization of the

F spatial domain. When using the finite element method, large
system matrices way result. To facilitate solution of these
large systems, An optimum compacting scheme is utilized.
The implicit Gear's method: is used for the solution of the
system of ordin' differential equations. The results for
a sample problem ,'e presented.
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ABSTRACT

A transient overpower (TOP) accident in a Liquid Metal

Fast Breeder Reactor (LMFBR) Is Consldered. The analysis

is formulated to model the dynamic response of the reactor

fuel subassembly during the iniltial period of the postulated

overpower transient. An equivalent cylindrical Cell is used

to model the fuel subassembly. The governing neutronic and

heat transport equations for each region (fuel, clad, and

coolant) of the equivalent cylindrical cell are developed.

Nuclear Doppler broadening feedback is included in the dynam-

Ic model making the coupled equations non-linear. The re-

-sulting non-linear partial differential field equations are

transformed into a syst1em of ordinary differential equations

by the finite element method. An isoparametric, quadratic,

rectangular flement is used for the discretization of the

spatial domain. When using the finite element method, large

system matrices may result. To facilitate solution of these

large systems, an optimum compacting scheme is utilized.

The implicit Gear's method is used for the solution of the

system of ordinary differential equations. The results for

a sample problem are presented.
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I. -INTRODUCTION

As the world's fossil- fuel resources are depleted, more

emphasis Is being placed-on the breeder reactor as a poten-

tial means of solving the coming energy crists. While the

development of new energy sources is being pushed, equal ef-

fort i-s being given to the maintenance of an environmental-

ly clean world. To this end, the safety of breeder reactors

is receiving a considerable amount of attention before assum-

ing that the breeder reactor is the answer to the energy

problem.

The Liquid Metal Fast Breeder Reactor (LMFBR) appears to

be one 1 the most promising breeder reactors. Most engineers

will- concede there is little probability of a nuclear explo-

sion occurring in the operation of a nuclear reactor. Of

maJor concern to engineers is the loss of coolant accident

(LOCA) and the transient overpower accident (TOP). The pres-

ent analysis is concerned with a TOP accident in a LMFBR.

The analysis is formulated to model the dynamic response of

the reactor fuel subassembly during the initial period of the

postulated overpower transient. The primary consideration is

given to: the early response of this fuel subassembly to

various conditions of disturbances. The phenomenon which oc-

curs after core disassembly (i.e., clad melting) is not the

concern of this analysis. Only the time prior to clad melting

is being considered.

13



No consideration is given here as to how the overpower

transient occurs or to why the safety features of the reac-

tor did not operate properly. It is postulated that the

accident has occurred. In this analysis, the TOP accident

is created by either a step increase in reactivity, a ramp

increase in reactivity, or a combination of both.

An inherent safety feature of most reactors, nuclear

Doppler broadening feedback, is incitided in the dynamic model

of the fuel subassenbly. The Doppler feedback acts to reduce

the effect of the excursion. Consideration of this feedback

creates a non-linear system model which is described by a

non-linear, initial-boundary-value problem.

The conventional method of solution uses the-standard

point kinetics formulation. Recent studies have pointed out

a non-negligible error in this model [1], particularly with

asymmetric disturbances [2], or space-dependent feedback [3].

In Ref. [41, a somewhat novel approach of using the finite

element method (FEM) for the space-time dependent solution

of the reactor dynamics problem was demonstrated. The FEN

is effective in handling these asymmetric disturbances and

.Space-dependent feedbacks. Therefore, the finite element

method was used so that the spatial effects on the postu-

lated problem may be studied t:,.'ther.

The purpose of this work was to demonstrate further the

applicability of the FEN to the non-linear reactor dynamics

problem a3 well as to investigate the dynamic response of the

reactor fuel subassembly. The analysis required a novel

14



approach to handle the gap conductances present at the in.
terfaces Of the equivalent cell model of the fuel subassem.

= bly; this will be clarified in the analysis.



II. DESCRIPTIONrOF PROBLEM

A. PHYSICAL SYSTEM

The typical Liquid Metal Fast Breeder Reactor (LMFBR)

core consists of many hexagonal modules, each containIng

several hundred fuel pins. For this analysis, an equivalent

cyl-indrical cell is used to model the fuel subassembly. see

Figure 1. The u;e of equivalent cells as models for larger

systems has been common practice in nuclear analysis (i-.e.,

the well known Wigner-Sietz method). In using an equivalent

cell, the actual shape of the reactor core is not important,

Arid the analysis is applicable to any reactor which has the

same equivalent cell.

The equivale'nt cell considered in this analysis, Figure 1,

is fueled with enriched uranium dioxide, has a stainless

steel cladding, and has liquid sodium for a coolant. The

dimensions used are

a a 0.254 cm,

b - 0.292 cm,

c - 0.365 cm,

and H a 33.0 cm.

The gap between the fuel and cladding is very small and, in

fact, mdy be nonexistent as in bonded fuels. The dimension

of this gap has been assumed negligible. The height, H, of

the fuel rod is shorter than many proposed systems (Fast Flux

Testing Facility and Clinch River Breeder Reactor). However,

16
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to facilitate the numerical solution a smaller rod was used.

The dynamic behavior prior to fvw ' failure for this sys-

tem should be similar to the I - larger systems.

The treatment of this problem in three dimensions would

be prohibitive in computer usage -'erefore, azimuthal sym-

metry is assumed, and the problei. - Come a two-dimensional

cylindrical (rtz) problem.

.8. SYSTEM MODEL

The analysis considers the monoin~irgetic neutron diffu-

sion approximation to model the transient neutron transport

problem. A simple conduction-conve.-tion heat trans-er model

is used for the energy transport problem. The -temperatures

in the model are direct. coupled to the neutron flux through

the nuclear heat generation witnin the fuel. The neutron

population Is in turn coupled to the tarperature through any

of a number of reactivity feedback mechanisms. The nuclear

Doppler effect is perhaps the most important of these mecha-

nisms since it provides a negative temperature coefficient

which increases the inherent stability of the reactor. Prior

to core disassembly and fuel melting, the nuclear Doppler

effect is the most dominant feedback and is, therefore, the

only feedback mechanism consido ed in this analysis.

For irradiated, mixed-oxide fuels, a phenomenon of fuel

restructuring has beei commonly observed. This restric-uring,

essentially a change of phase of the fuel niaterial, presents

a unique heat transfer problem particularly during transient

conditions. The pr-oblem has not been fully characterized and



is beyond the scope of this analysis. The fuel- was, there-

fore, assumed to be a homogeneous mixture of enchd uranium

dioxide.

A At the fuel-cladding interface, there exists a 9qp whi-ch

produces a thermal resistance. This thermal resistance is

one o1 the most significant deterrents to the rnergy transfer

to the coolant. The interface may be in physial contact ur

an actual gap may exist. The prediction of the thermal resis-

tance is extremely complicated and must take into consideraI

tiori many parameters: initial dimensions, type of bond, fill

gas compositior,, fuel restructuring, fuel swelling, prior fuel

life cycle, to mention a few. Reference [5] documents a com-

puter program which attempts to predict the gap conductance,

Yhis treats the t')ermal resistance at the 1.Uerf~ce in

the same manner as a convection heat transfer coefficient when

considering convection heat transfer. Since it is not the

objenlive of this analysis to predic-04 the gap coefficient, a

repre',ntative set of values for gap coefficient, as given in

Ref [62, is used in this anAlysis. These values art assumed

to remain static during the transient. The gap conductance

profile -actually varies with time and will have ah effect upon

the transients as noted in Ref. [7]. The prediction of this

variance was no, considered important for this analysis;

t!h'refore, the static assumption was made.

An 4verage convection heat transfer coefficient was used

to determine the heat transfer from the cladding to the cool-

ant, The value used was determined from an empirical formula

given in Ref. [51 and repeated in Ann.and C.
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In this work, consideration is given to step and ranmp in-

creases in reactivity, although any reactivity transient may

easily be conside4red. The step and ramp increases in reactiv-

ity probably represent the most realistic physical reactivity

inputs in a reactor. Once the reactivity has been inserted,

the transient overpower excursion begins. Unless the Doppler

feedback can override the inserted reactivity, the excursion

will continue until there is physical core disassembly.

C. HUI4ERICAL SOLUTION

The system of equaticns which models the proposed problem

is a non-linear, inltial..boundary-value problem. The conven-

tional method of solution of the reacto: dynamics is the point

kinetics formulation. It was pointed out in Refs. [I1, [2],

[3], and [41, that there is 4 non-negligible error in this

model, particularly under conditions of asymmetric disturbances

or space-dependent feedback. Reference [4] demonstrates the

somewhat novel approach of using the finite element method

(FEN) to solve the space-time dependent reactor dynamics prob-

'tem. As shown in Ref. [4], the FEN is quite effective In

handling localized perturbations and space-dependent feedback.

in this work, only uniform disturbances were considered; ho-w-

evev the fee.dback model was space-dependent. Therefore, the

finite element method is used to solve the non-linear, coupled,

space-time dependent neutronic and heat transport field equa-

tions. The solution technique results in a large computer

storage requirement; therefore, an optimum compact storage

schemes Ref. [8), is utilized for storage of the discretized

m atri-ces.

20
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Once the do-main has been discretized by the FEN, the solu-
tion of the resulting ordinary differential equations was to
be accomplished by the implicit Gear's methods Ref. [9-.

U 21



I

Il. MODEL DEVELOPMENT

A. NEUTRONIC ANALYSIS

In this section the governing field equations for the

neutron population (flux) for each of the three regions

(fuel, clad, and coolant) of the domain will be formulated.

The monoenergetic, diffusion theory will be used.

Consider an arbitrary volume of material within a reac-

tor. Applying the condition of conservation to the mono-

energetic neutrons leads to the neutron equation of

continuity [103

3- • Sir,t) - Za(r) (rt) - div J(r,t) (1)aI
where

spatial point

t - time

n(r,t) - neutron density

S(r,t) - neutron production

Ea(r) - neutron absorption cross section

0(r,t) - neutron flux

J(r,t) - neutron current

The left-hand side of equation (1) represents the time rate

of change of the neutron density which is related to flux,

S, by

n(r,t) - (r,t) (2)

22 =



where

v - neutron velocity

On the right-hand side of equation (1), the first term is

neutron roductioon, the second term is a neutron loss through

absorption, and the third term is a neutron loss through leak-

age from the control volume.

Using equatij1 (2) and applying Fick's Law to the equation

of continuity resul-ts in the classical neutron diffusion equa-

tion

where D(r) - neutron diffusion coefficient

The ve%-tor notation used here is intended to include only two

dimensions (r,z) since azimuthal symmetry has been assumed.

Equation (3) is applicable to each of the three regions

of the equivalent cylindrical cell. The subscripts F (fuel),

c (cladding), and co (coolant), will be used to denote these

regions.

1. Fuel- Region

In applying equation (3) to the fuel region the

material properties of the fuel must be used. Within the

fuel the neutron souce term is due to the nuclear fission

process. During fission, neutrons are released as both

prompt neutrons and delayed neutrons so that

S(no t) Q:10 sj(_.t2 (4)

23



where Sp(rt) prompt neutron source

S0 (rt) - delayed neutron source

=The neutron sources are commonly represented as [10]

Sp -k. raF OF(1-) (6)

and

S N - C1A1  (6)

where

ka - infinite multiplication factor
B - fraction of fission neutrons which appear

as delayed neutrons

n - number of delayed neutron groups
C1 - concentrktion of delayed neutron precursors

in the ifh group
A1  decay constant of the delayed neutrons

The space :nd time variables, ! and t, will be dropped except

where needed for clarification.

The concentration of delayed neutron precursors, Cis
is given by the following first order partial differential

equation [10]

ac1
aTV a 6k. Eap 1C (7)
IT-" -i- AsaFOF - -NCi i7

where

fraction of delayed neutrons which appearas derayed neutrons in the ith group

24



The solution of equation (7) is

C1 " fte '; (t't ')k(r,t') aFF ,t'+ C~eA'tt (8)
e o

11 C0 - concentration of delayed neutron precursors
of the ith group at time zero

Reference [10] develops an expression for the initial concen-

tration of delayed neutrons

Ca . k EaF 0/'1 (9)

where

hO - initial finite multiplication factor

o - initial neutron flux

Combining equations (3), (4), (5), (6), (8), and (9), yields

the governing equation for the fuel region

VO(DFV*F) + EaFOFpkw(l-) -1

n
+ A 1[ jEi e'' '(t'),FIaFdt'i~l o

*k IaFOFIi e v ) (10)

2. Cladding Region

The cladding separates the fuel and coolafit and con-

tains the fuel and the fission by-products. Equation (3)

governs the neutron flux in the clad. Since the clad contains

25
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no fissile material, the neutron source term is zero. The

field equation is, then,

.(DcVc) acc m , (11)

3. Coolant Region

The annular region around the cladding of the equiva-

lent cell contains the coolant. As in the clad, there is no

fissile material in the coolant and, therefore, no neutron

source term. The equation governing the neutron flux in the

coolant is

V;(DcoV~co) - Zaco co - C0 (12)

Equations (10) (11), and (12) are the one-velocity,

diffusion approximation used to model the neutron transport

problem.

4. Infinite Multiplication Factor

The infinite multiplicatior factor, k, may be ex-

pressed as the infinite multiplication factor at time zero

(start of transient), ko,, plus the postulated reactivity in-

sertion (such as a step or a ramp), p, minus the change in

the Doppler reactivity feedback, Apo . Other feedback mechan-

isms are normally not as significant as the Doppler broaden-

ing feedback prior to fuel melting and have been neglected

in this analysis. Therefore,

k k* + p- Apo  (13)

S26



For a fast reactor, kO may be approximated as

EfF
vo - (14)

where

v - average number of neutrons released
per fission

EfF - fission cross section of the fuel

EaF - absorption cross section of the fuel-

The nuclear Doppler effect is a very important safety

feature in a nuclear reactor. Nuclei in an atom are in con-

tinual motion due to their own thermal energy, As a result

of this motion, even when monoenergetic neutrons interact

with the atom, there appears to be a spread in the energy of

the neutron - the Doppler effect. It can be shown that the

cross section of a resonance becomes less in magnitude and

wider as the motion of the nuclei increases [10]. As the

temperature increases, the motion increases, and the shape

of a resonance cross section broadens. This broadening in-

creases the average cross section, thus, providing a negative

temperature coefficient. This effect is shown in Figure 2.

It is this nuclear Doppler broadening effect which provides

one of the few inherent, reliable, negative reactivity feed-

backs which slows an overpower transient and possibly stops

a mtld overpower transient.

2
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Figure 2.Doppler Broadening of a Resonance Peak
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The Doppler reactivity change with respect to fuelI temperature changes should be written as [6]

dp

aT- + bT I + cTm'1  (15)

wher; a, b, and c are parameters determined from expert-

mental work and m is an integer. However, as noted in

Ref. r6], a substantial amount of work has shown that

T U s very nearly constant over the temperature range

under consideration. Therefore, tne coefficients a and

c have been set equal to zero, and b is defined as

dPD
b- KO M T Up0  (16)

The constant, Kb, is commonly called the Doppler constant.

Solving equation (16) for p. yields

PO b In TF + K (1-7)

where K is an integration which may be obtained-from

initial conditions. j
K p- b In T (18)

where

P- Doppler effect at time zero

T- fuel temperature at time zero

29
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Substituting for K in equation (17) will give

PD p ApD  b ln(TF/T) (19)

The infi-nite multiplication factor now becomes

k k, + p - b ln(TF/TO) (20)

The effect of delayed neutrons Is small compared to

the prompt neutron effect; therefore, it may be assumed that

the Doppler effect on delayed neutrons is insignificant to

the overall problem. The k of equation (8) is, then,

assumed to be kw* With this assumption and equation (20),

the neutron diffusion equation in the fuel, equation (10),

may be rewritten as

V9(DFVF) + aFF[k.(-)-l+p(1-).b(.)ln(T/TF)J

n tF+J E il(t. ,) [k"0+P10F dt,+-C~e;l} i- z

Vi Cksi~Ft~i ayf

To facilitate the present analysis, the number of

delayed neutron groups is taken as one averaged group. So

that, X, and 0, become X and , respectively. This approxi-

mation should have little effect on the problem under con-

sideration.

5. Boundary Conditions

The neutron diffusion problem involves solution of

the partial differential equations (11), (12), and (21), with

the following boundary, Interface, and initial coditions:

30



) (O,z,t) . o

3) 02) OF (a. z9t) - $c D azt)

~'D -(b,z,t)-* Dc C0 (~zt4) c(bz,t)- c(bz,t)

5) c r (bz, c) D .oa rCo

7) rOc  .± "t) 0* 0(rt0

) *- -cc) t) )

1) OF (L_0) - 0 (0
9) 0c (1_1 o). o(r

lo) co(ro g o r)_

Boundary cond.tioij 1) res-ilts from the assumed azimuthal sym-
metry. Interface conditions 2), 3), 4), and 5) are continu-
ity conditions of the flux. Boundary condition 6) results
from the use of an equivalent cell and basically indicates
there is an equal number of neutrons transferred in and out
of the cell at the outer boundary. This should be valid un-
less the cell is located near the outer edge of the reactor.
Boundary condition 7) is an 4:sumption that the flux is zero
at the axial boundaries of the cell. Initial conditftns 8),

9), and 10) are the assumed initial distributions of the

neutron flux.
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B. HEAT TRANSFER ANALYSIS

In this sections- the principle of--conservation of energy

will be used to formulate the governing floild-equations-for

the heat transport in each of the three regions. A simple

heat conduc-ti-on model with convection heat trapnsfer to-the

coolarht is used to model the-heat transport problem, A-gap

conductance-model is utsed to describe the hgat-transport

across the gap at the fuel-clad interfa-ce.

1. Fuel- Rlegon

Conservation of energy within-the fuel region yi-elds

the- unsteady-heat conduction equation with a generation-term

Vat (Lt) (22)

where

kF) thermal conductivity of the fuel

T F(,t) - fuel temperature

4(r~) -nuclear energy generation per unit
4(r~t) volume

P D- fuel density

CpF(r) - fuel specific heat

As in the n~wtcronic-analyzis, the victor notation is intended

to include only two dimensions, (r,z). The r and t will be

dropped except where neaded for clarification.

The nuclear generation term may be expressed as

q e E ~ (23-)

323



4 where e - nuclear energy released per fission

As can be seen, it is through the nuclear generation term

that the temperature is directly coupled to the neutron

flux. This coupling and the temperature dependent Doppler

reactivity feedback combine to make the coupled problem non-

linear.

Substituting equation (23) Into equation (22) yields

the govening thermal equetion for the fuel

3TF  J

V4(kFVTF) + C £fF OF a -F CpF IT- (24) 2

2. Cladding Region

Conservation of energy within the clad will yield

the heat conduction equction. With nuclear generation, a

relatively small amount (-5%) of the energy will be released

in the cladding and the coolant. However, in this analysis

it is assumed that the total energy release is in the fuel

region. This should not create any significant error. Us-

ing this assumption, the unsteady heat conduction equation

for the cladding becomes

V-(kcVTc) Pc Cp (5)

3. Coolant Region

Once again, conservation of energy will lead to

the heat conduction equation plus an additional term which
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takes into consideration the coolant flow. The governing I

equation is

7-( VT V ° C Tco

co co co Ti(Z coCpcoTco) "co Cpco Tf

(26)

where Vco - coolant flow velocity

Equations (24). (25), and (26) are the governing

equations used to model tie energy transport problem.

4. Interface Conditions

The interface between the fuel and the cladding may

be an actual gap with a finite distanc;, or the surfaces ]
may be in intermittent contact on a microscopic scale. To

model the het transfer ,eoss this interface, a -ap heat

transfer coefficient i.- Introduced. The gap coefficient
must takt into consideration many items (e.g., radiation

heat transfer across the gap, heat transfer by solid-to-solid

contact, heat conduction across a gas fillei gap). The pre-

diction of this gap coefficient is extremely complicated and

beyond the scope of this work. In Ref. (6], a set of values

for H gap is given and the axial variation of Hgap in this

analysis is approximately the same. A cosine curve has been

fitted to the sample data to deterAiine the gp coefficient,

see Figure 3. The heat flux across the fuel-clad interface

is, then,

q "Hgap (TF - Tc) (27)
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The heat conducted out of the fuel is governed by Fourier's

equation and is equal to the heat transferred across the gap

3TF
q - -kF,,- (28)

Equating equations C27) and (28) gives the fuel-clad inter-

face condition

kF(az) 3TF
TF(a~z~t) + -( --(az,t) Tc(a,zt) (29)

gap

and from continuity

kF a~z) .-F-(a,z,t) k (a,z) : a,zt9

As is common practice in convection heat transfer

analysis, A coolant surface heat transfer cnefficient, hsurf,

is used to account for the thermal resistance at the clad-

coolant interface. Similar to the fuel-clad interface aaialy-

sis, the clad-coolant interface conditions may be determined

k.(b,z) aT
Tc(b,z,t) + h;r f ,- - (b,z,t) Tco(b,z,t) (30)

and

3T aT
kc(b,z) Tr(bz,t) - kco(bz) rco(btzst) (30a)

5. Boundary Conditions

The boundary and initial conditions for the heat

transport problem are:
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a TF

1) F (O,z,t) 0

2) Tc0 (r,- H,t) T

3) c (r, 0t) Tco
Tco

4) _3T -" (c,z,t) 0
i 3TF 3Tc

5) (r, f.t) aT H r± .s) - 7 €I, , z - , .)

6) TF (1:,O) a T(

7) Tc Cr,) a T;(_*

8) Tco(r,0) w T~o(r)

Boundary condition 1) results from the assumed azimuthal sym-

metry. The coolant has been assumed to enter the flow

channel at a constant temperature, TPLENUM, This results iin

condition 2). Boundary conditions 3) and 5) result from an

assumption that no heat is transferred axially from the fueio

rod. Boundary condition 4) Is the result of the use of the

equivalent cell. Conditions 6), 7), and 8) are the assumed

initial conditions.

Solution of the nonlinear coupled neutronic vnd

energy transport problem involves the solution cf the partial

differential equations (11), (12), (21), (Z4), (25), and

(26), with the appropriate boundary, interface, and initial

conditions.

Several works, Refs. [4], [11], [12], have demon-

strated the feasibility and success of the finite element

Method in solving nuclear reactor dynamics problems. The FEH
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is used to reduze the partial differential equations developed

in this analysis to a system of ordinary differantial equa-

tions. Integration of these nrdinary differential equations

(ODE) yieldz the solution.

PI
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IV. FINITE ELEMENT FORMULATION-

In this section, the basic theory underlying the finite

element method is formulated. Selection of the finite ele-

ments and the shape functions for the elements are given.

-Some simple transformations which facilitate the integration

necessary in the FEM are also presented.

-A. BASIC THEORY

To obtain a numerical solution, the governing partial dif-

ferential field equations are transformed into a system of

:ODE in finite dimensional vector space. This may be accom-

-plished in several manners such as the fi-nite-difference

method, the variational method, or the weighted residual

method. In this work, the Galerkin method (a weighted re-

sidual method) is utilized for the discretization of the

spatial domain. The Galerkin procedure will be applied to

each of the governing fiild equations. Any of these equa-

tions may be considered to be in the following form

l- (r,t) - 1 ,(' t) a f (r,t) (31)

where represents the unknown function, e.g., in equation

(21), p represents *F ' represents the operator for

each individual equation, and f is a forcing function. In

the finite element method the solution is approximated as

Nj

0(1)N() O(r •N4{- (32)
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-where N - the number of degrees of freedom

N, - the :element shape function

-0i - unknown coordinate function

-< > - matrix notation for a row vector

f{ } - matrix notation for a column vector
<Ni> <NI N2 .. N1 ... NN>

NI
N1
N2

(N) •
N1

The residual, R(r,t), is a measure of the error in this

finite element approximation. The residual may be considered-

as 1
R " f (33)

The best solution for i is one which "minimizes" this

residual. Various "minimums" are obtained by the weighted

residual method by setting I

f Wi(r-) R dV 0 iul2stseN (34)

V Wi() - weighting functions

With the Galerkin method, the weighting functions are the

shape functions defining the approximation of equation (32)

(i.e., W1 N i). A noteworthy attribute of the Galerkin

method is the opportunity of using an integration-by-parts

40 
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of the terms involving the second order spatial- derivatives.

A lower order finite element may be used than would have

been possible otherwise. Once the weighting functions have

been-chosen, the problem becomes

f N f) dV u 0 - f}dY10,,...N (35)
V

The integration involved in equation (35) ts carried out

on the element level, taking advantage of the use of a "local"

coordinate system. Once the Integration Is accomplished,

the-results are-merged into a system using "global" coordi-

nates. On the element level

? <y {9 Jl,2,...,N (36)

where the superscript e indicates the element level. Sub-

stituting i into equation (35) and noting (9j) e  is not

a function of the spatial domain yields
I

f<N1 >CNeedve(yeC_- E<1>C 1 (>e}e-<H1>efeldve(, 4}e 0

V V
(37)

. H~e
where 1A,- 192,.00

Ne - number of degrees of freedom for
an eleme.it

The operator A will vary depending upon which governing

equation is under consideration.

4
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B. SHAPE FUNCTIONS

The shape functions, Ni, are chosen to satisfy certain

completeness and convergence criteria [13] and will depend

I upon the finite-element used for the spatial discretization.

Many previous works, Refs. [4], [11], and [12], utilized

i linear triangular shaped elements to discretize the spatial

domain. This element was the first element considered.

However, because the width of the cladding is very thin,

elements in the cladding region would have extremely large

aspect ratios (ratio of base to height) unless an extremely

large number of elements in the axial direction were- used.

A large number of elements becomes numerically untractable.

Previous experience with triangular elements had shown that

large aspect ratios yield inaccurate results, Ziamil, -Ref.

[14), showed the error, e, when using triangular elements,

is proportional to the square of the longest side, h, and

inversely proportional to the sine of the smallest angle, y

e a h2/siny

A triangular element with a large aspect ratio necessarily

must have a small related angle which adversely affects the

error in the FEM. Hopefully to alleviate the problem, an

isoparametric, quadratic, rectangular element was selected.

The aspect ratio would still be large, but experience, Ref.

[15), with the use of rectangular elements indicated that a

large aspect ratio is not always a detrimental factor,
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The shape fu ctions for this-element are well documented,

Ref. [131). kiltzing a "local" coordinate system (See Figure

4.), the shape functions may, be writtten as

Corner nodes I x 1,3,5,7
Na -1+9o)(l+no)(9o+no-) (38)

Mldside nodes N1 a ix(1-g2)(1+no) 1-2,6 (38a)

NI - (l+g)(l- 2) 1-4,8 (38b)

where 90 991

These normalized shape functions are shown in Figure 5.

The local and global coordinates are related by the

following

r a <N> a (rntC e  (39)

and z <N.1>e (zt)a (39a)

C. COORDINATE TRANSFORMATIONS

When using a local coordinate system, some simple trans-

formations facilitate the integrations required by equation

(37). In cylindrical coordinates with azimuthal symmetry

dV - ?rrdrdz (40)

The derivative terms may be transformed by the following

n--1 43hN (41)
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where I is the inverse of the 2x2 3acobian- matrix de-

fined in Appendix A. At shown in Appendix A, this inverse

can be easily shown to be (for this problem)

J I 12
'l al[E]

I
_ (42)

0J21" J22"j

where

ill * 2/Ar . J12 U-0
* *22

J21 a 0 J22 ,2/AZ

Ar -radial length of the element

AZ - axial length of the element

El: £ r.t; -of area transform as

drdz I detEJ] d~dn (43) ]

For this particular problem, det[J] may be shown to be

(Appendix A)

Atdet[J] -r- (44)

where A - area of the element

Elements of Wxtal length become

dz •  "-.(45)

where Le  axial length of the element
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utilization of these transformations makes the integrations
required in equation (37) amenable to integra-tion by numeri.
Wa Gaussian quadrature.
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V. APPLICATION OF FEN TO GOVERNING

FIELD EQUATIONS

In this chapter, e-quation (37) is applied to the govern-

ing field equations previously derived. The element matrices

for each of the operators are developed so that the dixcreti-

zatlon of the spatial domain may be accomplished. The inte-

grations required by the application of equation (37) are

performed numerically using Gaussian quadrature.

A. GAUSSIAN QUADRATURE

Prior to the application of equation (37), it is appropri-

ate to discuss briefly the procedure used for the numerical

integration. The product- Gaussian quadraturt formthx- 1! 15)

* ff g(,Tn)dndt - W WH g(i 1 ,!nj) .(46)

-1 -1 -1 Jul

where IA - area integration

9(C,n) - any function of g and n

W - weight associated with location
i or J

m - number of Gauss sampling points
in one-dimension

The values of the weights associated with each Gauss point

are given in Ref. [16]. Equation (42) may be simplified

somewhat by combining the summations and weights

m2

1 ~9~kJk (47)IA - k 9gklnk) (7

kui
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where k - xj i
Wk -W, x i

For line Integrations, the Gaussian quadrature formula in-

volves only one summation

1 m
l f(Ed "E -W f(i) (48)-L 1

B. NEUTRONIC FIELD EQUATIONS

The discretization of the spatial domain by the finite

element method is accomplished by applying-equation (37) to

the governing field equations, using

6 <-|>C "'kj J-I,2,...,8 (49)

1. Fuel Region

The governing equation for the fuel region, equation

(20) after applying i uation (37) becomes ]

'*.4 V-T-rd*FvffM (-- L

r z r z

+z F, +E, aFOF(!0) [k*+p-bln(TF/T;)]

t
+ . - - +p)Fdt,+XCOe-t}rdrdz * 0

0

(50)
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The second ordir terms in equation (50) may be re-

duced to a first ordpr term by application of Green's Theorem

or equivalently Integration-by-parts (See Appendix B).

Dividing through by 21 and reducing the second order terms

yields

a*F -3#F  "
+ NN1  rdrdz

.IIi f~zir i~ d+jJ Vat
z r r z

,T F a i FF(l-B)[k.+p-bln(TF/FFo)J

+ff {D F I- 7 _ + T11- 1 FFF)
r z

t
-NXIE f)dtut')(k+p)eFdtf

-MiXCae " t} rdrdz - 0 (51)

0

From continuity and boundary conditions the line in-IJ
tegrals are zero. Now using the approximate functions of

equation (49) and noting that (4F}e  is not a function of

space# equation (51) may be written as

if Nj i~ drziF rt4DF (N I O itz}(NJ,Z- errdd*('F)

t ICtat,)(k.p)dt1
. aF(lh)[k.+p-bln(TF/T;)3(N )*<Nj>*rrdz{F aFl*- e t +

II
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The integrations may not be easily carried out with

a shift to local coordinates and with use of the previously

derived transformations. Rearranging equation (52) and

.4 assuming the properties are constant for each time step gives

11
OF io 11 {i I*<11" ,o n 22 } 0 $11

ii -1 -1
-I ie
I1 d

af(t) f f {NNj N>rdetEjjdgdt*(,pC..Xe f f (KirdetEJjd~dfi-1-I -1-

+ f1 f Hr..jIdt[e~d *F (53)

Since the element chosen has eight degrees of freedom

(nodal points), the discretized matrices which result from

the integration of equation (53) will be 8x8 matrices and the

forcing function will be an 8x1 vector at the element level.

Defining the matrices as

f I UN i*<0i  Nj r>+{N J>iCj 2 H rdet[J] d~dn-1 -I ion 22 Jon>

~ c 2

[H12ij]8x8 - )l
k.l

+(H ,n)k(Hjn)k J22*] rkWk



f f (,.)<Nj>rdet[O~ .an- [,43f jJ x,, r fee% jk~% ""--4 - 1 0 ~ -1 --

a 
1; i t)4rdetfddn 3Ilx M (f )kkrk w (56

Aal al

f H1T/)rtJ<~d~dn {F~l8, a Hikrkvks
A-1 

k2
MI

-1 1
-/ - ln(TF/TO)(Nl}<Xa>rdetE3]d~dn-[4 B 8

* 2

r Sln(TF/TF#)k(Nfk(HNkriWk (57)
ku1

To carry out the summation of equation (57), the

temperature TF  must be known; however, tON temperature is

exactly what is being sought, To alleviate this problem, a

linearization is used.

In the solution technique, the temperature is pre-

dicted for the next time step. It is this temperature which

is used for the determination of matrix H4.

Equation (53) simplifies to

(OF[HIlli]Ea(b-) (ki+PhXaFf(t)tH3j]+aFll0)bH4iJ]}¢Fi

-COcAF 1 }C + P( j H3 3])( }  0 (58)
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ThQ function f(t) is evaluated by summinc the

values at each time step using the trapezoid rule for numeri-

cal integration.

t
f(t) • e xtoI e Xt':kn+p]dt' (59)

Defining

Ii~g(t)j ht~g(ti) + g(- .) (60)

g(t) et(ko+p)

hi - time step taken

The function may be expressed as

Sf(t) -e"Xt E Ii Ig(t)] (61)

S - number of time steps

2. Clad Region

Following the same procedure as with the fuel equa-

tion, the discretized form of equation (11) becomes

1~

(Dc[Hl2tS3 + r acCH3tj]l{*c~e + -VH[tj]{ c) e  0 (62)

3. Coolant Region

The governing equation for the coolant region, equa-

tion (12), may be dscretized into the form

e e(OCH12ij] + EaCH31 t o He43j]co - 
" 0 (63)
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Once the governing equations have been discretized

at the element level, they are combined into a system of

equations, at the global level. On the global level the

governing equation for neutron transport takes the form of

[H"nxn()}nx3 + 'P'nxn{'}nxl + (F'nxl 0 (64)

where [H], [P], and [F represent the system matrices and

n is the number of nodal points used in the discretizatlon.

There are, then, n simultaneous ordinary differential equa-

tions used to describe the neutron transport problem.

C. HEAT TRANSPORT FIELD EQUATIONS

The spatial domain for the heat transport problem is

discretized in the same manner as the domain for the neutronics

problem. The same element matrices preriously defined are

v-lid. Let
Tk >e e 2 8161

<N ( -,,...,8 (65)

k-F,c,co

1. Fuel Region

The governing field equation for the fuel, equation

(24), is discretized by applying equation (37). Using an

integration by part to lower the order of the second order

terms allows equation (24) to be written as

I Nk3T F Z 8TF a aN4 OTF  8N1 aTFr [Nik e F 0-o rdrdz+, [NikF a'-1 dz-f {kFE7.T + T z 79
r z o r z

3TF
"erfFNi F + NiPFCpF if} rdrdz a 0 (66)
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At---

From continuity considerations the line Integrals
are zero except along the boundaries of a region. It is

assumed that no heat is -transferred from the cell in the

axial direction (boundary condition 5); therefore, the

first line integral of equation (66) is zero. In the neu-

tron diffusion problem there was continuity of flux at the

interfaces so that the i-ne integrals were zero; however..

the heat transfer at the interfaces Is affected by the gap

and film condu.tances. The fuel-clad interface condition,

equation (29), may be rewritten as

WkF3TF ( aTc (67)

F r Hgap(TFTc) c

j Substituting equation (67) into (66), dividing by minus one

and utilizing equation (65) yields

fErH gapH(N}<Nj> e Ia
dz (TFI* - t'rHgap (N e<,N >eadz(T }*

+ f f kF[(N* ,r e<Nj ,r>  +(N }e@<N j 9z> e rdrdz({ F' e

r z r jr ~ ~

f f el:fF(Ni) 0<1>erdrdz{iFe
r z

+r z I PFCP F (N)e<Nj>erdrdz ('F)* x 0

*- element across the interface ]
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Transforming to local coordinates and integrating

by Gaussian quadrature yields the same elementmatrices as

gi-ven for the neutron flux, equations (54)- and (55), except

for the line intg.als between regions. It -should be noted

that the line integrals exist only on the interfaces, along

which there is a discont'inuity of temperature. For the

fuel equation the interface corresponds to the local co-

ordinate Cal. Define
m2

. {N)<N~dn [ki,,]8x8 = e (NiYkNj ~ ~ (69)

where the N's are evaluated at Cal. Many of the terms of

KI will be zero since only the nodes on the gal boundary

will have shape functions which are non-zero. It is through

KI that the temperatures for each region are-coupled to-

gether. Equation (68) may now be written as

ra H gap([Kl{ FC *f[Kl](} )*}+kFH12]{.Fl

-eEfF[H 3]()} + PFCpF[H|]('F) a 0 (70)

in obtaining this equation, it was assumed that material pro-

perties for each nodal point were constant at each time step.

Perhaps a better assumption would have been to assume an

average value fpr the properties of each element. The dif-

ference should not be significant, and the assumed constant

nodal properties were numerically more tractable.
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2. -Clad Reolon

-Aplying equation (37) to the governing field equa-

tion for the clad, equation (25) gives the discretized form

I of the equation. Assuming no hoat transfer in the axial

direction on tho boundaries (Boundary condition 5), equation

A (25) becomes

3Tcb aN T I OT

z rz

+ f Pc Cpc N 1  .rdrdz = 0 (71)

rz

In the cladding, there are two Interfaces al,)ng which

the line integral of equation (71) is not zero, along the

fuel-clad Interface and along tne clad-coolant interface,

For the fuel-clad Interface, equatton (61) applies. For the

clad-coolant interface, the Interface condition, equation

;30), may be rewritten as

3
0Tc 

3Tco
kc IF hsurf (Tc-co) co Tr (72)

Along the fuel-clad interface, the local coordinate

corresponds to t--1. Define the new element matrix

"1 1,1-l-~(I1}C~>~fl KijJ8x8  Z (kul (J~

where the N's are evaluated at =-l. As with K, K2 will

hav miany zero vlues because the shape functions are
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Along the clad-'coola-nt interfaces the local -coordi-

nate-corresponds-to ta and-the KI matrix is appropriate.

Substituting equations -(67) and -(72), equation (71)

becomes-

/ [rhsurfNi(Tc-Tco)Ib dz z Ir~igapNi(TF-Tc)Ia. dz

+ f Ik '_ I ~.rdrdz
C 'rz r + Tr 1

+j I I C ~N ST rdrdz x (73)

The governing equation for the clad region may now be written

as

raHga([K2J( c,)*mEK2J(TcF~e} + rbhjurf([KlJTc}* -EK1J{Tcc}e*}

+ kcEHl2J{TF )e +. PcC Cpc[H3J(1i-) a0 (74)

The line integrals of equation (73) affect only nodes which

= are on one of the boundaries; therefore, the nodal inputs

into NOl and K2 are zero unless the node is op one of the

boundari es.

3. Coolant Region

The field equation governing the coolant may be

discretized in the same manner as above. After applying

the Galerkin method and performing an integration by parts
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on the second order terms, equation (25)

becomes

-I[rN k~o 3c dz + If Ic ai a- -J- ]rdrZ z o F b r z 0 T-Tr+TZ -

P + fVN Crdrdz
r z co co pco i rz

8T
+ I IPCO C N co rdrdzCO 0 (75)
rz pco i

The lina integral, when evaluated at c, is zero (boundary

condition 4). When evaluated at b, or correspondingly at
4=

C--l, equation (72) is valid'and K2 matrix is appropriate.

All the terms of equation (75) have been defined except the

flow term. Define

1 1(Nt) <Nirl >or det[J]d~dn - [H5 1 J]x8

2

A (" k (Nion)k rkW k  (76)

ka1

Transforming to local coordinates and integrating reduces

equation (75) to

rbhsurf{[K2]{ co)e-[K2]Jfc}e*1 + kco[H123(T l*

+ Vco~coCpcoEH5JC(o}c + PcopcotK33t co}e - (77)
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! NOW thAt the governing equations have boon defined
for each region on the element level, equations (70), (74),

and (77), they may be assembled into a system equation on

the global level. The equation will be in the general form

of

[K)nxn(,r}nxl + [M~nxn{t}nx I + [olnxn(4'nxl x 0

(78)

D. DISCRETIZATION OF THE SPATIAL DOMAIN

Prior to the numerical solution of the-governing equa-

tions, equations (64) and (78), the spatial domain must be

divided into a number of elements. ror this work the domain

was subdivided as shown in figure 5.

Since there is a discontinuity of temperatures at the

int;rf;ca , a described by equations (29) and (30), a

noval application of the FEM method was necessary. The com-

mon practice for handling these "flux" type boundary condi-

tions is tu define a constant reference temperature, T., ,

as whan working with a convection heat transfer problem [17),

or to define a known function, as when working with a

fracture mechanics problem [18]. In either case the refer-

ence condition was known. The novel appiication here lies

in the use of a different field equation to describe the

reference temperature, e.g., the clad equation (74) is the

reference condition for heat transfer from the fuel across

the gap interface.

4
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The discontinuity of temp~rature at the interface neces-

sitated another novel application of the FEM. Since there

is a temperature drop along each interface, a single node

there is not adequate. In the discretization of the domain,

two nodes were used for each interface point (for example,

points 62 and 63 in figure 6). This allows the temperature

drop due to the gap and film conductances to be taken into

consideration. Sinc. two nodes are used, the governing equa-

tions for each region are not di-rectly coupled together.

The coupling of the regions is accomplished by the "flux"

boundary or interface conditions since it is assumed that

any heat flux leaving a region enters the adjacent region.

Consider a typical set of elements on an interface

6 79 10

2 3 A

11 12 13 14
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The coupling terms KI and K2 may be combined into a system-

K matrix which shows the coupling. The K matrix for the

simple set shown is
1 2 3 4 5 6 7 1 13 14 15 16

~2 gi -g 4 €e-4

3 -* U -t 4 -9 I6/1/i

A b 6= 4/11
5 9 = 2/15

6 d= 1/i
7 C- b-b d -d
I -C C -b b -d d

13 C -C d -d b -b

14 -9 C -d d -b b

16.

As can be seen, the nodes on the interface are coupled to

thMe ad -nt element interface nodes. For example, node 2

in element I is coupled to nodes 3, 8, and 14 in element II.

E. OPTIMUM COMPACTING SCHEME

* - It' -- ,--,, H-9 P o ,.are nxn matrices,

where n is the number of nodal points used in the discre-

tization of the domain. In terms of computer storage, these

matrices may become excessively large if they are stored as

nxn. There are several techniques available to reduce this

storage requirement. The most common method is the banded

storage schere, whereby only the banded portion of the

matrices are stored. With judicious numbering of the nodes,
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considerable savings may ba realized. However, it is not

the optimum storage scheme [8].

Since the shape functions, Ni, for the kth nodal equa-

tion are nonzero over only the element containing k, the

system matrices are not only banded but sparse as well.

The sparseness is due to the non-consecutive numbering of

the nodes surrounding the kth node. The optimum compact

storage (OCS) scheme compacts the matrices by storing only

the non-zero elements of the matrices. The implementation

of the OCS scheme requires two additional integer arrays,

say JA and HANE. The HANE array identifies the nodal points

which contribute to each nodal equation. The JA array acts

as a pointer to indicate where the nodal aquation starts in

NAME. Consider the following simple 2x2 system with nodes

as indicated

7£

II IV

4 5 6

I II

) 2 3

The NAME array starts with node 1 and identifies the nodes

which contribute to node 1 (i.e., 5, 4, and 2). The HAME

array would, then, give the nodes contributing to node 2

and so forth, so that
1236 8 519910 &11 121) 14*.. JC

<RAE> a<1 542 :254163 :3 65 2 : : 856>
and 2

<JA <1 5 11 .. *>
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The algorithm to assemble the element matrices into a compact

sto'a e vector is straightforward and represents a significant

savings in computer storage [8]. The s,-stem matrices *re

stored as a vector rather than a two-dimensional array. For

example, the value which would be stored in position (1,5)

of the nxn array is stored in position 2 of the system vector.

t 6
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VI. NUMERICAL SOLUTION

This section contains a brilef description of possible

solution techniques in addition to the solution -technique

chosen. Computer subroutines necessary to implement the

technique are also described.

A. SELECTION OF METHOD

The numerical solution of the system of implicit ordi-

nary differential equations, equations (64) and (78), may

be accomplished by any of a number of different techniques

such as Houbolt's method, Crank-Nicolson's method, Gear's

method, or implicit Gear's method. It was not the objective

of this analysis to determine which of the numerical solu-

tion schemes is the most efficient. Each method has its

advantages and disadvantages. The Crank-Nicolson method

is a single-step, implicit equation solver and, therefore,

does not require storage of previous time solutions. When

analyzing neutronic problems, the system of equations which

arises is commonly very stiff (i.e., a rapid change in flux

over a short period of time). The Crank-Nicolson mathcd

has, in a past work [8]. demonstrated difficulty in tracking

thos* stiff systems. Gear's method was specifically I
developed for stiff systems and can handle the problem very

well. However$ Gear's methcd is a mulai-step, predictor-

corrector method requiring storage of previous tine solutions.

In addition to this disadvantage, Gear's method requires the
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transformation c'f the deo:,uped impltcitO.D.E.'s into an

explicit system of O.D.E.'s. After thi-s-transformation is

done, the s, tem matrices are no longer sparse or banded,

thus eliminating the use of the optimum compacting scheme.

In an effort to overcome these difficulties, Gear's method

was moLfled, Ref. [9], to treat the 1mpl1 tt system of

equations as well as to allow use of the optimum compacting

I scheme. A previous work, Ref. [81, has shown that thc

implicit Geav's method is particularly-attractive in solv-

Ing the type problem developed in this analysis. Therefore,

the implic4it Gearls method Is used for the solution of the

system of O.D.E. Is arising in this analysis.

No attempt will be made hore to give the mathematics in-

volved in developing tho implicit Gear's method. Reference

[9J may he consulted if details are desired. A listing.of

the c.,mputer program developed will be given in the Computer

Progrwn soction. In order to uti-lize -the implicit Gear's

method, several user supplied su! .outines must be developed:

1) DIFFUI, 2) JACMAT, and 3) INUITSL.r B. USER SUPPLIED SUBROUTINES TO IMPLEMENT
i . THE IMPLICIT GEAR'S METH OD

1. DI FFUNf

Subroutine DIFFUU evaluates equations (64) and (78)

for a given time and for given values of V, , T and '

Sitnce at each nodal point, I, there is a solution for the

flux and for the temperature, the solution was set equal to

DYI and DY1I. respectively. Tn addition to having flux and
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temperature at each nodal point, there are also three differ-

ent regions in the domain which have different governing

equations. An-integer array, ITYPE, was developed to indi-

cate for each nodal point whether it was: 0) a fuel node

not in an Interface element, 1) a fuel node in an interface

element, 2) a cladding node or, 3) a coolant node. Using

ITYPE, the computer program is directed to a different sec-

tion depending upon the type of node being consid~rcd-. After

all the nodes have been considered, boundary conditions are

established by changing DYI and DYI! for the appropriate

boundary nodes. Since in this analysis there is continuity

of flux at the interfaces, special considerations must be-

given to these nodes. At the fuel-clad interface, the value

of DY! for the clad node was set to the value of the flux

at that node minus the value of the flux at the adjacent

node (i.e., DYI1 • -"p 1 1)" Similarly, at the clad-cool-

ant interface, the value of DY! for the coolant node was

set to the value of the flux at that node minus the value

of the flux at the adjacent node. During the solution of

the problem, DYI is driven toward zero, which in the limit

forces *p to equal 0 1 1 . This is the desired continuity

result.

2. JACMAT

Subroutine JACMAT, evaluates the Jacobian matrix

(for Gear's method) at the given time and for the current

values of the dependent variables. The Jacobian for an equa-

tion of the type,

F(y° t) 0 (79)
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may be represented as [19],

61 Cu- o 3Fj()1I -y. 3

where a and o -are coefficients from Gear's method and

h fs the time step. Using the notation of DIFFUN, let DY!

and DYI! represent equations (64) and (78), respectively.

The Jacobian matrix may, then, be written as ( is called

PW in JACHAT.)

P- DY "0- aDYI DYI I  "o 3DYII (81)

It is the form of equation (81) which is programmed in

JACMAT. As In DIFFUN, the integer array ITYPE is used to

indicate the appropriate section of the program to be

utilized. The problem boundary conditions must also be

accounted for in JACHAT. In DIFFUN, the value of DY! or

DY!! was set to zero for constant boundary conditions (i.e.,

zero). This cannot be done in JACHAT since a division by

zero would occur. For a constant boundary condition at the

ith node, the value of PW is set to one for the diagonal

term and zero for all other terms of the ith equation.

3. NUITSL

Subroutine NUITSL solves the system of equations

for the quasi-Newton iterates. In this analysis the system

is solved using a successive over-relaxation (SOR) method.

In this work, the optimum amount of over-relaxation was not
ej

determined. Since no effort was made to find the optimum,
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it was felt a small over-relaxation would be best. The over-

relaxation factor of 0.02 was used. For small values of
this factor, the SOR method approaches the Gauss-Stedel

Iteration technique.

t
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VII. PROCEDURE

In this section, the method utilized to obtain a solu-

tion is described. The input data necessary to run the

developed computer program will be documented.

Prior to initiating a transient overpower excursion, the

steady-state conditions for the fuel cell must be known.

Since the systemof equations which were developed are not

specifically designed to obtain a steady-state solution, the

initial steady-state conditions must be part of the input

data. The initial temperature distribution was obtained

from the steady-state conditions given in Ref. [7].

The axial temperature distribution for the fuel center-

line, fuel surface, clad, and coolant have been determined

for several different fuel life cycles [7]. For this analy-

si;, the beginning of life cycle for channel 10 was used.

Although this distribution is somewhat artificial, it should

be adequate for this analysis. It is the trends of the

results which are considered important. The distributicn

within the fuel radially is taken to vary as the square of

the radial distance; then

2 2
TF(r~z'O) *TF(OOZIOI(l- ry F(atztO)()a a

Within the cladding and the coolant, the initial radial tem-

perature distribution is assumed to be constant.
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The initial flux distribution is assumed to be radially

constant, a flat flux assumption. In the axial direction

the flux is assumed to vary as the shape of the sine func-

tion. The maximum flux, the flux at the axial center, is

an input parameter. For this analysis, the-maximum initial

flux was taken to be 1014 neutron/cm2 sec.

To obtain a steady state flux distribution, the value

of fission cross section for the fuel is varied. A trial-

and-error method is used until a critical fission cross sec-

tion, fF , which gives a steady flux is obtained.

Once the steady-state conditions have been determined,

the excess reactivity may be inserted. This starts the

transient overpower excursion,

A. INPUT DATA

The first data card contains: the order of Gauss quadra-

ture, the number of radial elements in the fuel, the number

of axial elements, number of nodal pointA in the radial

direction, and the height of the fuel rod. The next cards,

one for each radial nodal point, contain the nodal radial

distances. The next cards contain the fuel centerline, fuel

surface, clad and coolant temperatures. There is one card

for each axial node. The next card contains the maximum

flux. The next four caods contain the physical parameters

listed in Table I. The last input cards contain the time,

end time, estimated initial time step, minimum time step,

and maximum time step. A sample data deck is shown in figure

7.
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TABLE I. Physical Parameters

Fiel Diffusion Coefficient (DCF) 0.93 [cir)
Doppler constant (8) 0.006

Energy release per fission (E) 7.652x0"12 [cal/fissions]

Fraction of delayed neutrons (BETA) 0.0064
Fraction of delayed neutrons for -

the ith group (BETAI) 0.0064

Decay constant for ith dilayed neutron
group (DCLAMI) 0.0784

Initial flux for delayed neutrons 1x0 10 [neutron/cm2secj

Average number of neutrons released
per fission (ANU) 2.44

Neutron velocity (VEL) 4.8 xlO [cm/sec]

Fuel absorption cross section (SIGAF) 0.088 [cm 1]
Critical fuel fission cross section 0.0586875 [cmM13

(SIGFF)
Blanket absorption cross section (SIGAB) 0.0 [cm 1)
Blanket fission cross section (SIGFB) 0.0 [cm 1

Stop reactivity input (RMtA) Variable

Ramp reactivity input (RHOB) Variable

Fuel density (DENF) 10.9 [gm/cm3 ]
Clad diffusion coefficient (DCC) 1.1 [cm]
Clad specific heat (CPC) 0.12 [cal/9in OCI
Clad density (MENC) 8.0 [gm/cmj]

Clad thermal conductivity (TKC) 0.0526 [callcm sec oC]

Clad absorption cross section (SIGAC) 0.0015 [c "In1

Coolant diffusion coefficient (DCCO) 1.55 [cm]

Coolant absorption cross section (SIGACO) 0.00004 (ce. 1J
Coolant flow velocity (VCO) 396.0 [cm/secJ
Surface heat transfer ;oeffic 4ent(HSURF) 0.7 [cal/cm 2sec C]
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VIII, RESULTS

When using the finite element method, one of the first

consideration: must be givon -to the convergence of the

method. To determine convergence, the results for a given A

point are compared for different finite element discretiza-

tions. As shown in figure 8, the results are comparable

but no definite claim of convergence can be made. However,

for this work, it was felt that these results were adequate.

It was not the object of this analysis to arrive at the

"final" result; It was the trends and methods that were of

interest. Since the 66-element mesh appeairs to give a fair

approximation of the results, the 66-element mesh was used

as the discretized domain.

The next item of consideration was the determination of

a neutronic steady-state condition. This proved to be a

very time consuming task. The fission cross section for the

fuel was varied by a trial-and-irror method in an attempt

to find the critical cross section which would give a steady

state. As may be seen in figure 9, a change in cross sec-

tion of less than one per, .nt significantly affected the

state of the problem. It was felt that the critical value

was between the values of 0.05875 and 0.058625. Time did

not permit investigation for critical value; therefore,

it was assumed that tha value for the critical fission cross

section was half way between the values (i.e., Ec's 0.0586875).

If
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Even if this value is in error, which it most probably is,

the net effect would only be a small decrease or increase

in the proposed reactivity insertion. The reactivity inser-

4 tion would, then, be an approximation of the actual reactiv-

ity of the problem.

The first test problem considered was a step increase

in reactivity of approximately ten dollars. For the uranium

'_lokde fuel, one dollar of reactivity was taken to be

0.0064. Figure 10 shows the time history of the flux at

the center of the fuel rod. Figure 11 gives the correspond-

ing temperature profile. The temperatures were taken at the

hottest point of each region at the axial center (i.e., the =

fuel centerline, clad inside surface, and coolant inside

surface). As seen on the fuel temperature time history, the

fuel rapidly reaches the fuel melting point. The model

developed does not take into consideration melting of the

fuel. This melting would tend to decrease the effect of the

transient. The problem was allowed to continue despite this

inconsistency in the mathematical model. A short time after

fuel melting, the inside surface of the clad reaches its

melting point. The temperature in the coolant experienced

what is felt to be a numeriLal phenomenon. The coolant tem-

perature decreased prior to the small rise at the end of the

transient. Intuitively, this decrease does not seem to be

realistic. A similar occurrence was observed while conduct-

ing sample tests on the developed computer program. Refer-

ence[20] reported the same phenomenon. It is felt that this
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phenomenon is a quirk of the finite element method. The

radial and axial distributions of tho neutron flux are pre-

sented in figures 12 and 13 for time equal to 7.39 x 10m3

secods,. The dlstribut-orns are, basically, as anticipated.

The neutron flux peaks s.ightly before the axial canter.

It was expected to peak at the axial center. The radial

and axial temperature distributions for the same time are

presented in figures 14 and 15. As with the flux, the tem-

perature profiles were, basically, as expected. The fuel

temperature peaks slightly below the expected location,

most likely in response to the peak in axial fiuxes. The

coolant unexpectedly drops near the 'utlet of the fuel rod.

The finite element method characteristically has some prob-

"lems on the boundaries of the domain; this may account for

the drop in coolant temperature.

The temperature of the fuel and cladding do not appear

to be as closely coupled as anticipated. As seen in figure

14, a significant increase in fuel temperature has resulted

in a relatively small clac, temperature increase. As noted

in figure 11, there appeavrs to be a time lag in temperature

response for each region which may account for part of the

apparent temperaturo disagreement. It is felt that the

temperatures should be more closely related, which indicates

' higher gap heat transfer coefficient should be m;tilized.

Since values of the gap heat transfer coefficient were

i-.sumad, it 1i not unreasonable to believe the values used

are too low.
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Titme did not permit Investigation of other reactivity

insertions. Other reactivity inputs may be Investigated by

Sr students in the future.

This work does not represent a solution to the very com-

plicated nuclear reactor problem. It does represent an

application of a numerical tichnique which is relatively new

to nuclear applications. Methods for implementing the finite

element method have been discussed, and a computer code has

been developed for the simplistic model considered.

A

86



IX. RECOMMENRATIONS

For the model developed, perhaps the most important item
to pursue is the crttcal fission cross sectien. A better

determination of this value is necessary so -hat the reactiv-

ity insertion is more accurately known. Different test cases

for the prompt critical knd prompt subcritical r4actor cculd

then be conducted.

In further developing the model, more constideration

should be given the gap heat transfer coefficint. As noted

in the results, the value used appears to be too small.

Sample problems for different gap heat transfer coefficients

would give a better indication of the values to use.

Melting of the fuel during the transient would p:1'bly

be the next major improvement on the model. With relatively

few changes, the model could be adapted to allow melting

eleuent by element. This, too, would be an approximation

but, still, an improvement to the model. Perhaps at the

same time, a simplified model to take into consideration the

fuel restructuring could be implemented.

Another improvement would be to consider reactivity

feedbacks in addition to the Doppler feedback. Sodium void-

ing and fuel rod expansion are two of the more important

feedback effects to consider.

On the nunr-orcal side, probably the most important thing

to do would be to run the computer program on the
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NH-compiler", which optimizes the program. However, on

several runs using the H-compiler, erroneous results were

obtained. With sufficient time, this could be corrected

to allow use of the H-compiler. The use of the H-compiler

results in a savings in computer time. The present program

runs on a "G-compiler" and takes excessive amounts of com-

puter time (two to four hours per run). ]
In addition to this, the optimum over-relaxation factor

in the implicit Gear's method could be determined by trial-

and-errc.

Implementation of these recommendations should enhance

the analysis and lead to a more efficient computer code. I
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APPENDIX-A

DEVELOPMENT OF TPANSVMAI

The Jacobian matrix [J] may be written (8)- for two

dimensions as
N K.

Jul jul

(33 N (Al)

Nir N

For a simple Wx matrix [A] the inverse is

b
[A] Ud

1 d -sb]det[RJ I a)

Applying this fact to equation (Al) gives

N N

Jul Jul

* det[JJ N N (A2)

~N ri N r

L21 ~ 22

S9



N 
-N

de [J N Nia , (A3
I

N N Nigz

The derivatives of the shape functions may be found from

equations (38).

1 1~Nl~r. - (l+n)C2 +ni) N31,n 1  +)2,)2,C. , -gl n &2, -1(1- 7 )

N -r 2N*3, " -(1+'1)(2 -ri) N3, 11 u (- (n

N4,& " 1"2 4,n '

a -4(1-n) N &
N7,C " f(l-n)12&;-n) N7, n " -411+&)(2n-&)

If one now considers an arbitrary element

X

Z33

I I
! I
! I
I i

!:r, Y2 r3 r

with the midside nodes exactly at the midpoint (not a neces-

sary criteria for the FEH) and substitutes into equation (A3),
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the result is

detJ •(- z3 -z 1)r 3 " 1 ) AsA e -- ( A S )4

Substituting into equation (A2) and using (A5) will yield

4 V1• 1" "4_ [ 1 3-z)] 2/r3-r, (A6)

*2 0, (A7)

j 0 (A8)

211
and 4 1 4 [ (r3-rl)] - 2/z3-z1 . (A9)

The inverse of the Jacobian matrix now becomes

2/r3-r, 0 )

L 0 2/z 3 -zlJ

For integration along a line, the transformation used

is

dz a det[J']d (All)

in this case

dtt[J'] - E Ni,nz i  (A12)

Again considering the arbitrary element and substituting

= (A4) into (A12) will result in

detfI'] W3j - (A13)
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APPENDIX 8

REDUCTION OF SECOND ORDER TERM

The second order term of the governing field equations

may be reduced to first order by integration by parts.

Consider, for example,

ff 1(.'~(rD ) + a (0D) rdrdz (81)

rz

which may be expanded as

32H -3a 2 + 3DaljjE~r .+N r~ + N DV+0 a r r o-4+ H~drdz
r z S(02)

Integrating Just the second order terms by parts will yield

a20

ff H1iD a4z rdrdz uf EN1 rD Irdz
r z 3r

BD aNt
~f.~D 1 + TN1 .+ rD T-] drdz (83)ff #1, 1 1t V r o .-. o

rz

and

ffio N D rdrdz fN 1 0 lzjrdr +. f]rdz14az ff# Iir I rrz 84
rz r rz

Substituting the results of (83) and (84) into equation (B2) I
will give

J rD +JfH 1 4 rdr D 1j ardz (13)
Zr TfH rz f 7 r --
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APPENDIX C

LIST OF RELATIONS FOR MATERIAL THERMAL PROPERTIES

A. FUEL (U02)

T. Specific Heat, Ref. (191

CpF = [18.45+2.431x10 3T-2.272xl0"T 23i270.07

[cal/gm 4C]

T - *C

2. Thermal Conductivi-ty, Ref. [5]

TkF  4 Sl2.S(lapTD)] 1 + 4.79x0 13 T3 ]xO.239
[cal/cm 

sec 0C]

percent theoretical density

T - *K

8. CLAD (Stainless Steel)

Properties are assumed to be temperature independent,
and average values from Ref. [5] were used for the
clad properties.

C. COOLANT (Liquid Sodium)

1. Specific heat, Ref. [5]

Cp 0.34574-O.19226xlO 4T+O.3408 xlO-T 2

[cal/gm °C]
1 -0 OF

2. tfqinsity, Ref. r5]

Po [59.5667.9504xlO 3TO.2872x]O 6 T2

+ O.06035x!0"9 T3 x 0.01601 [m/cm3]

T -F
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3. 'Therital ConduCtiVityl Ref. E5]

Tko £54.306-i .87SX10 T+2.94xiQT 
I

x 4.134K10O LC&13 Ecl c st

T a O

D. SURFACE HgAT-TRANSFER COEFFICIENT

hsurf Tk0 £7t4 .c (I.S 2

£BTU/hr ft2 OF]

Tkco (BTU/hr ft OF]

-c Eft/soc]
SC 

Po- ESTU/Ibm OF)

Be . equivalent diaimeter rft3

94I



PIT

0. 4U1

ul ml ca UCL.O.WW 0 "LLI

ulWa Q tilWj U

w)~tl Stil Z( -

x ) 0: 1 1u~ 1 Wtl l 01-i V) h

LU -4~J C 1IILJ' LU 1 - r. QI LIE sly ~E~ I) I V4CJ.%
p - goLa - U wi $tt'QW Uj-W3 m -D

LI) W = WIz I7 .t wI Mll-a~& 40- 4C tL
VU) W- -P : I; I I I'~ LUZ ' XZ Y (DL

U)MC I-- I0 1 LU 1)tt40-v)4 LI)9. zL1Z

co " i- J 1 -0 de.a) I I StI -L UiLUZV qt ' .- C)

V) 4 Zi r4 UMWI 1 04W - *wj P" 4OW W

=0 in (i W 0)"III I.~..t ACIZ LL'' 0UI V. 0~. gn-z

Ot Zcb 0IfM 1 1 1 JWtu .- 0 NV& CW UIC3-i 0.1-W fC)

LU ZU U CcI. no *-I IW Cftu1.J..J..J ' ZC L(wV)o t%,2 Z

-6 ICA P-. LIAJC'O- Z o.tp I C- X i4.AZ M' 0 X-e'*M .a
I.- -WLn U)U- NUI VNX CJMll- CO I-OMX 'O X *Z 00 L.O -IN' PI

%0.,z xe-.# Int-Ot 0. 1z- MP~-Z W: Z- 94"i-O-W4 ZP4N
U) N OW~ WO tSAWOWO- WOt).0 &LU WJUJLUJ oJLfl s-uwU oouw,(4 A
.i *X)( x: %WmtziO Z-0 0 ,-IWWWZ1=-== CO- N-GO #-Z o=%M-

'-W .0PI NWMWO4 WMN F.41-ZZ - W0 -.. 00'U)OWO" =Z

W DZ Z4 ow 00- '-.NcON4t-L VOW-OWINCZJi

LUc "M WW N 0 .D#* WU.-A4))- JWC Q==Q-'--ei -I4 0CU"%44

CZ P" to ZO M mf -- 4.w..44UmWJ qt4OWa.WWZWA%D z U.) zUIZ-z 4wmzCz)-ZZ~IZ ZZZZ2ZZ-LJOZ .'.Z~r4zf-W
r-* VW I J W.WWJWD '4 Q) .WUUUUUI4LLW-7X%.M

cc C9q .JQ. "UP-*0I.-q WU"- -..p% %%%% % %%

CLWW WW W-'J CL XWO WWWWWuzv,&zz.&a.Z
'-W* WO 4"XI 4 0 t-W~z iz~iJlLC

4 d.LU .j. -Z UJ " U. cc.L xWILU UJIILI.

61-" W% A6 X X L

Ut..)~WQWUUW UIWJ ULUUUUJLJUU.

95



J

IILI

MA~U U.

I .J P"43

94 Nr.I Li r-4 UIL P"
NIp OU.% i LL4 (UC F4

IP a L~ W~- m CJ r UI -4
1x '.55 01& U.4 1 Ux
I %q.-. .IJ'a V. 01 C .4 x~

I4 X - ft Lj 04
f ff45. ino x Y. C.5U -.1

P"LL.4 No- ON- .LL Ih L6 0"
W-4 -W a C ft0 .3

WCDLJ w a UX Iw U)

I 40~ LJUJ 4. C.2 4d ZIJ. N
U..~ WVJ"P.0.1- LU

CJP..JU9 0i &'C. I I- aw' =

v '%4 Lio."O * LJ.p (a P"5. CZ~j1~iUU oW.

IU)%%"o Q4 -JGOU MXUJI-LW.W t-zc
41) '00-4 P411 III Owx 1Wrz=.J.04 ccQ ~4 EL
ztnU4tu. _jC ON >(..1JUJI--v S'.Z qaz mS

9 Z4.4U.t 0 4o U. a "4'U U).L.-.4~~- x~
W oft - 0 v - CC= WAIL.'4 V+ ) Wu.W~u.Z?-wt)ww). wx Lm w U.L') 0m "X Xm) =)-i MZ "ACLCLOZX~ w

§I0 0- LLV)p- z aeco 0- C4 44G1A.*N-z 4(
& b4-ftp X- mOx % Ou W-.44 NWa 0 '-zZ

ix- . ~- . 0 r.)Cm Z 00-40WIL14 P-r4 O4 44
%0iW w 9w 0 wotU.U w4)xoxZ w5 II(jal ft 0

Lum *Oazz- 0. - m~.imII=to .- WjU. a011 &WJ.
W C. LL *aclum 495.- .JLLtjU) 6 LU. U.U..U*"mZmU

*+-% LOW" C~J)U.Z0LCU.0CJLiWi4 -,4 0.4 -7.d ..
NcoxtUi P-. Lu- . OZLIU.00 XP40 0*0 wWL OA9 0z' to -- U. 0,_ wr m ON Lt). &IXU. IIIs z

U)U.%0.w o%0XIUX- so ONN ax mX .wwww=x04be0>-C a 0x+%f.UJ-v. 'UW'0 NQW.J Xxf-)C ibxc - 0CCC1CCZ4c-p'-- U 600~ t. 0"
Z ZUL.X 6C0u.'.J4=Unm *%IWNX-? 06X 0X~s4 00 0""9 -!0 0* #0

M%o 00'W PL 0, - l- 0Ib"4 n1 c:DMj04-b q1 000 a* 0 0-
UUOi-4U) 0"40 a M%000.NPS ft 0-0 0~Q ULZ.4Z'wfu1j%-ftnL P.. It * mu-

qgx3W"w .OU%DP40m'.4X 0 0Up 0 ON OZw W If ti
=P~%T~~w *IZL~e 02Q'0OOQgwWLVJLUj-4 KUM '0=3-42. HI 0. R 0 1 1.-

q9p-%%ow ft~w.jt1 W~w* 'Lwm 'r 0 J.A.J-.4 V'OZ '0w4W'4 P"4.- W i.4 If

U0044.444wi =1444Uj440)404 04-0-1-4f- wt- W in~(.I4.~W

LiWLJWJLJLJLJ L.11.1 LAU U U "''Wi''9
WLLJL6U.#A.U.UU..i/ U.U.U. LLL W U6 V)UAU. J)Wi I- 3

V- #- -
OPEIIIOI WICC %rN %lu %

96



LL.

Lt. w4e
u 4 Ll.LJ

LIIu
LU V)tu

d4 4 4 al
L: Lu 0.'E

qq viU.Z

zU- " Z O-z

f 0 z za) U Ll
a* L3 Z CU3 zP

U.O II 44Z UJ
C 0 . L. (D

in vt 4L .1U. s. -70.
.L.Lz .1 LI LI. u .0.
woo0 LI <VIL 0 w LI aco

"C.) ( WD-cl: 04-4L -
oo-1 s "ZD'4gL J lb

MP- 1-4IXI. - .1

e 4 c V Wftlu> 4.LI wI ZOd
Ix ft -Ab .4Wt& cL 0 1- P.Z -

OZCJ 4.-Z4Oq~Z..JLJ wI -J WUOaw-
ZO-4 CD LUCXVJUW4LJ cr Luj C3 O.C
0LIue 017 o 4 Clut e- > -s. kg
Q I-AC7 ft _3 ft4U7.J ft'.' LU LjIX Ld

X ..jW'.EU4 4Wwu,%-qu~nb-4. (L 0 0
QI WZCOS) V @-=Z.U.)-U) CO X( 0-4
L-JZ 4.- V t40)m.'LIU ab fw Z>-- L-tu Izzzz: &n ftE.00 *a. 0 U. .4 LO LU 0.0 NMZ2.zzzz n'e.LI LI LI U. w.I. F->lbV

= xc~m#%. W.0 cn U XI.-L 0 U. awf~(~"- .. C600*0. Z0Q- am-f

W~J~lLj,-4LJ.4%u &,u 0%O ob 04-0* g-4w Oft
.4 4940-u)- =f 4 too Ouijft O*-qjO 0L 0 wmQN~%O
ZXO"3;LjV)z mw~ MA 'A -~IZO~. mw-dz-..

C- Z11 U3W.LZ-II...UWWW N
4G.j .j-j.jw.jAGL4. L4upeqn I~4-W.L

L4W.~4.Wi~ ~ .& w..a I~w4Wf.'-

* 114 I'.LJJ"' ~ulI
-C

97



m -J

LU

p-, Lu

U. Zi cuj -

vi u'. CLQz
Pz w~ u.- 4w

CC(. X X - tu mw
ob ZZXU. 00-4 wUJL

cz: JZ..j N I-ZUL. 0
4/hJL WWLJwm" uJ . Ou0- VI-wt c~ W-W: - zI

.4 up WX 4qw u

,-m-44O-Z a)..

Lu OWPA1- OZOWXP-w LU
* C6E3(.J4ccI/IWLI F- ZCJIU.#--
LU U cxop->. '-. Z>Z

M. LFuI ~uz" oacUJ WuJI .o LL ; -I U
30, W U X W ..UL J I- u U E (Uj~ l- ; Zo ,- .. * N o;0Ccc Oj~ j J.A U.JZV) 0  (%) v4 w W

m)-o udgZ~ oft CW)-ON (
0 z i 4cxo I . *

O.L J-4 4 X A%- ..~z jo) Zo*~a . 0 +a ~ - '.z ~ ~ CU..Q x Zflrn-cuCw 642..x ZZZ ZU W W il W + *l:
I- - w cj 0 -WL I I- I tu CV- LU JZ. 0

O .iLULUIL'4jm o z IU I I I= ~ ~ .c b" LL Om~ t

.. jti I W -LU I d.--" a. +d~ I V L(&~
oc aIdZ L&U Jo 0-,)-zt-Lccou ZcI

98



jL -
ui z.a

CP - -

0 C10 Il ++

?- z W v#C WLUZZXZ

ctIc o< I. n n Z N l

-I 0 -- NM4 J.-= *WCL N
ZZ I-Z txzo

t.- II 0 + ut www wwJ tZ-++iG~J r

I-*t wi Z(i W WLI- ' Uq x xx Z zW

IN W -it ~ 9U r4N 4-;O (W CC Z Z a-4 S b "g

ZM C P4 N~f- Iz - -.C

- I 1-7 ZtnH7 - ~UWWWWWI*
I *~*WC e.4*~ 6O~U1I I- I *~U ZZ~ZCZ Ql '-4dC X' -4ZAdd 4.4w

-~W 4tn *JC U J ~P O C + C N o U'.t~l~l Z J W 4 t l u*
f"4, w )II7~-l w %PL IN P4

I~~ "4 Z7ZOrtl NLON I10 'ZZZZZ 5

'00-b~0.~-4~N ~ 'fll U)N CZ00O099f

I N C. .C.N ~ .- 4 ~U4~ JWWW UU)- C3IA



II
In %r zz4P

- L u 0N 
I

0 9 U mi.4ZI-4WVW 0 o

z "C2 I J.Ji 2L . 4

0- ML *x wa l N .4
-4 -2

C; Z4NZ- 
9- LiNu Nbo

Ul.4
-oAA4 CC Z U% tZ M1*Z 4W fo ob. .7

Ul~-- 
p-uIim J u u %%* a ~ a ~ a . a Q a. a

.-. b-. ~ 
-10 0



0w LI%

_O X

Jr XO 0

%rI a. .. 2
a^ G%JC-I

-o WaU

0 0, .r ?uif'

NxqcJ a.0
--40> xa

40^I *r' a

-Li %a rga
I U aq a aL

IJ~ MW I-J
"70 %%,-W Z X~

IW a&~ 0-qW CL

In a-ox

L..ILI L - U&UA

ftt- azw a a

Iiu tL4A LIU
I ~ ~ ~ ~ N 911JVLW I.~d

I L..'il .Ilu



~uru

&J" V)

I- In

Wj . X~ Li
4L1JI UJU..

WLO Z. Z4 u

Q uj

LZ Zj~ tu)
a4Wju q3 N e~W.JW2,.re

LU9 I o ulU

w~~u -i P
%-04~U Zz Iq W I

4b ~ U )-LU2W £jZW
Wmx W_ 4uzwl-,. x 4uIL so

17 U ) - cr.~ Cia ~0n 0at aL CL 4)-Z OX 4b Z
L 41 Moo1.3 Li .00.-n mw zf 3i winM Zax f-" 4.~ Io W ~ zz U 'N *-

0 =J~ - P"CO UZM C-CL 00LL F4. I1>fZ cx US: JZ ;Ww wC ~ 'Oi- JMoN

I - oc % ~ w ?m & M " fb i)X W

Z~ dC I 0 Z 4 -44ui 
UJUL u-r CAc-A4 . .4

J.Li 464q3 CU~ 46v -4P#m~'4L WLJ ULL1JU4UJLL~qLJL L~qV U U ~i& j64 *AV)'-qL m c M-4 .c L3L~jCLJUU .4.LLO;UC.%jaU(J &_v cjfj7tj X,7')

102



wir

Li 44

I4 "i 
wlt x4 4. Li

, I- m 'I a.

-7 t'u ou 'Lww -

Wb I. -ftnic. o4q
co< z P- ft WZ.Cj %O WL

V0r C). 2Z2ca 0 'Wt- UP. U ) -L # ~ R N* 4

KLUU U;WW UJ . Ip N M * q.NWtz -ft .Z 0 y

LiEJ4 O**: 0 L
0 Z40

t'a inLP-1 4 M +Uo --4

2.03 tw1
WLLD Xt- L L CLL .C Wujw u ui"-7 atv JJ~t



+. + -

I U * a

W++LU I2:7"7 .4I
*--C o ~cc CLCIu! Li li++I

17 a-)- **)

0 C, - e

U -.. P .2 0 i -P1

NM -r 44--+ 14 )V A C%

-tn o- A wr, f -II m

W :4* a J ~-wfC 70Wwa wc4 - NIx %

lS""s-7a a to-4 )UXXL

v-n 000 -, r
wcm wm a V

*t 0U Q'~ZZ

wuJ w 104



LU

I-4

-I U. z

Li
4xLUIO U q.LJ.

X. W4L

=w

Z >wll Lu ULU d. Aju
tU(o t u:. I-

Z~w w U."Z

Im -2 o 00 <23u. w .... g
_L -L Inl z C.

WI- cr-,Z * atuD .. Q.s- wo ++tog)C
I- M Cr'(U W ~ .0.a- 0 z0 LL Zur + Z a *e 4 cW .#j .. zVw0* Nw-.L 0%a-o w4 N - _j "o z-uo

1 - Z IFZZO U 01 -I R C ~ . w-S zW.4 g a U P O
UJ~ ~ ~ *u MX**'Cu x *. I= +I- )- w W O w o j#II

(z~~ t- J W W & X xY p i 'JXI- UM P X I.N - W

Mi I~ CJU L

IU(JU UULi3

105



p.Y
CC CC

rz C

aUU. U up

z 
-u

dP- p-

All J.+. +. + 'sn O a a +

N p N N N

'C IC 9- =
O w 0 0 3
-# f-1 0 

t
* w

0. 0. .. oQ Umcc
a * x a*i a ft.

-o 
- rZm utN.z)C

- U A %,C CJ~ - a2~o a t . m a . Z z z x z r 2 Ua ~ ~ ~ ~ ' a4.C w xj ~ aa a a a a~N )-0 0UL Nu o z cy 
0 '-N-J 

Jj -
> I N )-- ~

~~d aU a u - 4ZO Z Z OOC C= 
n ifa UUI.Oae t u u w ,, N S I C..

00+ 0 C o also. o4 loa m s f
SZOXWZ rotor -Z'-'O IL -L p t

gI -w N-jc "--lamuttu a awurg % et'U qiw-ug, a 2 a

fit %rC-

106



zz

CL'C
x

.J-J

49- z"
oJw v .0

W= 4l 4 a3.
Us)- c3o -e

I-M-M ~ I *w WL L4AJI~~dm o'-za "4

L- Vf~- W -01
Oct-~~ ~ ~ cu ) 1 . . 0 0

ZW),0. Z =ft o m

EfP5lU.-4Cm 
AC

LI-~~ OIL *'Wo*
"4 U~w&~ It4w 590W

~ Z~Z ~ 107



mr POT -7

XI

U x

us'
LL* U.

40t x I

-
UOLIj

zl Ox z
.L) XUY d

LLI -lb 4b V
UU0.1.1 z c

ft1.4 0Z N)-p .
U). W .. zc n i L~r %C W

V) Z - w miu 04 Or
LU.Z~tJV)? - *P41 W% n2 lw

wI-CL I We r'0

>-lLZ0 *-XJWnC *U) c

wo UOZA 0U) U@*4'n WO
ZWP-W WZ W -J..W~ Rdi 9N @2~ ~4%)C?43L3 Mq%& & N ) 4~ihO ~ 0 u

--"#U) 'L W WWUfMU"4

W~L~JU)-~ W C qI '.4') U4 moI4r

I-~9-( O .O10C

b-'4 Z~ * Ifl~ 4.. c ~-minT



I- + U-4 1 -- + +' -I

b~tu 0 i-X&*L LJI -uju

0y -0 0
oc*P * #N S* ON ot C

~'t*~I4'** xq..w*uW Aw*o '
)(*-41-I I-* P4 0 %.-*~ 1'-*N *Y x

-, 4KW021-NKxW*f ONXWO 0-POW*KZ -
- o-* o .. W'"i i a***.4~un*v @*vOW'*u.4 i o~

Z 9x IONOIM IO NiJN~ IO I O cy O NoNt II

X NwfM~l~4 0 ~~
IN -X d '9i Kd AC ZN ZZ dA2 ZZ Zig

(.Ct N n N NZYNZZvOOZ0x
Z "q - n "icy~
r-W P-J~ NS 4%LAJd NA ^4 WJJ~LU AOLU3U VtILe5t.V~j IUAj W

911 e~ ~ WW J W d W wl



W0. Xce I

t"4

qz

xWu

COWn

P-Lu I4

O~w 3 c -L
w-1 X 0. o

L; ..JWQ - (V 09

.4 149-U. I ~Pqxe) 4I f
W -JM-Z N +4qtInlr
A& AG W "0000.4 Oj x' ~ I x &0a

ww"LJ NX)(.-4.WOXI- ILJ
LLZ * 0. -COZGZ ON UJ~ df a .ea

,j 4 0. cr.4 &Za0. 4 0 * 1* 0

p- I-Wjo DWWIl-Z .XI a c0 a In *0 Al~ C3p
4 AUX W *~.Jq M%%.%Z0 0 * z so6 0 on1 Z M 3xxu~
iZ Xp'-.- "~CI-D -00 ob 0 '4-I ow.~-* N XX4XOC

ix xwwDXA A'4*v"4r4 0-0 r~~> 11 i 1 lifLW WI-LUW ob de .at f I N ~fpf it *4b ftft1N
xz qz ;-zzauo.Z-!5I,4 11 If- of NS-)~X

.7 ZN41 I-w~zz aWUCW%'o V)W Z.mW f~wWprfoa o IP
Ljx "- b icackyugo~.~afi4U

Ifl L7i1 46wc

fie %qi j W(.3

110



N

XN -

KN NNR

*~c zoo oz ujI



0

LU v

F% c fl -0

0 W/ 4 -

Q C41- LU 17 N 4
-1 01- cj ?- 17 1) F

LU Z'9'O. a% 4U 4c
ZZM1 - .0 OZ

wo 0- w 1-6- 0.0- 7 a P &
LU ALUc oW Z "wn--4j U

#- 07 x4 * 17 N>
do 'iL' LU- '..7 z - ot ft

0 L*Z LU ww -0 -m'.ixLU LUmat-j j f

u UW LU LU mu0P -Z X~ml 4

4C p- 4- 0 W p -vJ4iO. LU w- ~. oN W C OIU"
oe ob t-Pd Mw-(32%Z-'pw'f *COPedmxx

Ujk .. JcU w. %Uzzx Now* N N R
7-~ AM o CLZZZMA4UWw(;,U'f e ac# LUi

L- Wpq LLS4w J. 0 O 4Nt%.
ZL 0 U0 U)XC.WWUiv K IZ0-JNz

Uj 4%r4W rlu i 0ej~4Nrwj

uouuw QWL~Z. Q ~tI6J-N

W U/i~. 9 & L43.34 NN NP"9P4112t.



CLI

f41

Nx:

Nl-W p*

= N co1

-1 17 u. &in
4011- t-IN t

?LU C S. -f N-u
<40aJ 4- QD %O

V4I lb Z0

--- I CD 1/)P M

-jZ u7V . 04 U ) I

N W- * X-
*ZiQ #%U v-M N% 0' Z xN

0WL3'( 1.fl-?- Mw 3 * * * ICC,>
m~~ =4 Our NU..XdWOZ X

MW ZOU W.=-4~~ -0X*6Z Of U7 *-

Za XXZZZZC6Z-;O, a-~O Oi 02 U.l + +
"Zp 0 xZ1-Wac -J - 'K 1.

~~~o -bXLUU X 4e MZXN*0 N*

Vi LU fA"ft x~ a #4--~ -4 3 NNN^% Ac
U7j N-16,4161.~fW .3#. -

VN NWI-j "CU. Li NZLiZ Q.3L Li i- a
9~ ,4fj~ .0 N~.0(0~Z .

~ x-z we~'~'O~-O~Z% (0. *~ * 7*)

I-Iu' Z a1JZ*%%10.4 *** p .jj'



aft ~ - - ---- = ~ - --- -----

si I

*1cl o
X(5"4 X*0I

C.

euL

m", 

0 

ULL

11



Ixn

Wj w

x x

4L .44 -

a. U U S. a
Z~~ NUi x t o
1- 1--c 0 t r

U 4to. x zes I

Pi -44 AV 0 jC

vW- X9 -2 Xa X .4 04

w rzZ- At X -
Sc. P6.0. af? -- O .X I) L~-

U~zcwpN o<=z Aft.C~I ~aJ.
X? .tu t0 0Z N g. ~ W. oZZ a.o. -0 00 a. I

II-x OX~I-U0M .Z xxxo 6. -* -a '. .- 0
4C 4W w.f6.g a..-Z= 0 0~b . -.F++' -

X4 I.. W ZtWZw bL W i#tf*.. * Zv- 4

Wu LU PW ob~ 004i~X~N -, (3m.J-j 2= *-ACJ .u. tZ c- z -XZZZZUoI-g*OUL & x aft 9 onu.J-*w~t4c QUw GI.
6*W d .0 4VD U W (. IJ JP U ZLD J.. el- 1rwU. t-.4 min

=0 UwwWO~~tfl44ZLzz2WWUJU0 0 O ~~4I
u ux -*Z~ LUJZC00 an a 0 P-uj
w W x~ N-w w ww~~a r-iuc u. I.,-eN x 26U i 4

115



Mi

3.

I-

3. >.-L

-DO z*
1-4WX

a14 - 3n-
bz .qm3rz N

U'N bl dC. 17I
"Uf- ,C~ Aw -lU t-

116



ALI uI

ujL

w7Lu U

to 49

qt- I--1; '02.L N1 sp0. ,

~~w CMW
At 090 J% 9

tu V) U.

0z XL U..Cbg4

0 'Cjp.- aj4-c jk-jj

0 Xi -7. . N-

0~-D U.~i-~&

O- ccU. c

Ul~~ 0e-Io

C,. '0M I 0 O~ z .I I N 0-.J
ztv CN2 N W W j .-J-J~ .2

&Lr-j. zmu.-UuWwwjp-.3..,m -x
.4 .. I-'-4 p.

M'0L, -JJJ -Lw- U

Ow~ U V

117



- -~w~-.-~-~-- - -~~-~-- - -

uAJ
CL

U

L2I

w

A&%

Ob Us"O~
u- Z

A.%rv) I- ~

ObL %W #w O

4c- - 174 '
x *1 U~-4-"

ia:-c OZ a- -
=*, -

x)u. vxZr -00 x_ X

>.uJi caJ .u. i~

=.L 4.J >.caz74czW zf w -0 a-

...w * ).Zwx.7wwX "g vw I i

www v 4 *-W

,0 aWw-,IUJJI

Vuyuu WZ4ZOu. -Z.'Z

04 '1C.~Z~JLJN tlie



ci

cJ
x

LI

NU cia

C1z -1 0

7 )--U upc-,axr"

of-- ~ -$-a m & lJ0.

-C *C*W aI-a~ .~~W- I mN- -- O* U- AM
zLW#4 Om ft 0.'C 4rw. 9 ftm -f 0 0

OlU4,-*z PIU~ e 4"~~Rr WW SZ WO * dm
M W ft4y ZZZiZZ-uuuU UC3~* +~W ~

W diW ~ W-UUffXOX~xIU UJL -' ~4z

z i 0e. I;U ___ 2~W ) u

04uj -UqtL ZULI~j

P- LZ -11-Jac OJ sv ZI
m Ot u~)WOA~x pd~mc C X aogoOcj j a jr4-JP-le~cI

0 ON SO -N W~ -fte P40119-



V UU

ON

0+ of

3cSc

x U
O~nO*ortI

'OX '-X

ua afr-7, au- 0-~iCDJ
'Sb~~fl a)-00iai- C

3cli4Jfl -"9 -Aa e.t

12



J.

ILv

P44 1(1o 4

-Du z U1 -LCwo $

Atz WW P-4 us. 34 "- fud t-

o C.. obU7 zI- WU.W W - WU

MIW X&Z U-4 aL. uct- U4Z O

o Uc O- WA 4. dW4t W U-fp lWr"
Zio o0 Z 9 o-o OWBW IL 8-0 0.W do

Zwot.-. 1n~ZW4
P" so I-- > *4U)L 00 0.f- 0 AA .

*'7 ml., .l- lb -40W40s o w- ft x z~w j. go to

U. 04Z -' OZ(JCLUL8-0 v%?Q&*OA ab"Zw %v
WML6- O"X96.4--4W 0 Z.-W. o0 W OUJI5 sog IJ~o14

""W4L~ ~La JLr OsO OW0.i *O,4PWPO WJ I WAU.ILZ
CL- 00 ow. 4 W w U %-I8-uZ

LU~~ NUL.. 49 r-- %e wl
wa,4 04 =Al. ON I po1--4- % (

CU*. OWIL O~o 04 LLJLeOZ

U) tnW~ G1.1 .l.UJ L~jkuLuwltlL '1*8.WAXIJ WJJ UA'W J.

W" QW Ql l

V) U)"LI U UUJLmLU LOJJJ~up~
pq4

ut3.23.



"I LL fi--
U. * u. * 0%

(A- 29 *- *0I 2- 0%

U* * L so **0

LL. I U. I
o.z WOZ* o WOUCO

U.). Na.91.0* It -.

0- 9OZ9. LU
- - ww 1- o-Z

LJ $*If'..J LJ4' +W%
%ow'9f IfnMbJ JiUic- "OA MIN*

-40 0 *IN WWI" NW*c at 0nI

)W Z- %^=1 ;UI N Z* I~
-~~~ (.-d9~' P-4 w ef

- X*-f vW.*w I. N- Cx-l -

C) WU.Z~~W If~x l-U. LZ'0*
LIW&C GCD 0 W(e JZ U. 0 ~ *~.r i-' 4 ~ jL W.W 4 LIZWL VP(D.1CI -aecz Lu * UI OO-N U 6Z- r~-.* .L ~oU QWNOM*. Wa - _W to CVw- NOMWP41 * I- ~ **1W *4'Us.)- L Wb1- At **W *~eNLn g'i~ ue.J*.-.4 >*OZ u . U.U..J +. 040* no. ca+ ob so +cc - I-zu zO *1+tz %WN+"JU. sic cc cc 8UI. 00 *

O_ S J-ZN +- Z* 4c4) 0 us.7 00 1~*~n* wwwx X& w N-+ fq4- tO.
coo %~4cL.+# LU v"-.#~.o.). o) W 090 0 W I'-.~..p~g-'o

NOO £N04 *DZ ftowtZ z OB.X 04 QaZic-- w~f"F_ -WI N Of Oim N Cw..wN *U4Q LwS U uL .jwS N Nqwo" Iw I..V) NLw QUI a -" W~ -. 1 w t"dIap- NW4 I "w)M N C.4/

ftow %Od U 440" N

1P3 04-NP

-N N rNC

122



Z C

(4 *

-t - -D

-jz "0 -. o

c-z w WjI L4
j -j ca * I

lu cu W

** Q cc44( *
cat 4 U 4U.2 dK 0

P4 LqUWU

+jw -+a U 4Wd+-
O% 4'. wO "M d
dab"1s Ob ZU Z? out

4)2 'J wu-o As*w

"1-3. C40 gau-104 C4.-

.J.L-'O %oz dgL4J 0')c =w* U. a.joc

cJ.r. .jo- Zj~cWW~ P 0 1-0 Li tWIj,.. * -
* aV cu i=X. 49P. - Wdi'ftp* Q.

U.U0oL% Q U I9-?- j 0 ccQ al 4 -U
lid*OF- *W C.I- W-10 wD 0. 4 "-WN 3*
?-U.... U-I ).Ozz u 0C CD -3 UJ 1-L

* W1. i 1 !J 0 ;:;oftQ a% WO

+090 IUULU P4-w I- oX+

10 442 11 xc o c 0oUUI

114+04-+Z -QLLJ " +Cj0 123-



- fit

fiII fit II*

.6w

UJL)L Z %* Ui.L
%W ow* -*J * 4

w WILU DN * *N NO

J . IiII * LLNLL.Z z
cc4. g1 3.

-d F OOGI

U49 *UU I *11 *
ON1 4.11. ON NZco

1.4" NDcc "Q uPDC oz-

VW MwW0z V .

Lp4qb -.4 00 4~ I$N

wz124



44

dig

Z-6

JU

ZUA.
MX

Q61-
zws
w-j
t-4c

z 4

Z; CC) z 0
OWzz U.0o zo

o u N

4CIO.. Zf) 04 CL C6.;
ZZo z up1- 4coz~cz

N o2WD U) QPlQ
9N Nal'op- 44 N t-p'I-

* ~Lo £44 IJ w UUI
Li0dL;j LL AL AW4.1

125



*L
4LI

-J

Li

CL 36
V)vi 4

0. IL OZ %

Z== 49 .1

zI-a eU . 0uj

W)OeW 1--m Ox .JLU. u 0
> w~ O poO4C 01 u

X..4 go o. % P#1(D -
iWUJW OMMUQ3)W *U*"' U .J

I LO - A %-%O +t*I U
w -P WJAU"4K1J* =-Ij X-j

01quWu4ZZ% "OM Z U P'CILt

U ~ U"~ LNQIAC LiL. Ow U-o- o- *.C 4
Z~ ~ ~ N.. j.u%% cc e 21 Cc * .ju~c

W W *e 464 9 -u

t-V* *. U -

*9= *vzj -j *JW"P)4W
ZNQDUU UZ U u f

126



ffit

-4 0b

X. -z 1

P-I.-

WU &acuw zU).j WO w
w z4twi- 9. U.
a. go OW.J~fl dif dc .

§41K UU4CCA in
zx 41pm J. AI~i

N1 06 ?- Q*6%

xu vat %& P- U.L4'.U

Z.1 wUJcI -U Z I il- am.L
)w o UULW 3 C - - LWic
W-L -1 LP- 1 .44-CLIJ &'oQ24 o % P0 L9 0 1)W..B.U MK L I -a- p. *-- w0 040- 0, ""

t41d t.-W. LU "opw- 0.Z LIU0.IW . s 00 &fl ow0I.d
K.-. ZuM#Zw W 04-zwoLtU.U.L 4k"Ia ** WICLO.+U90 LI I- )ZZ=4md..4ud.* abLjz(Ju I. 4 .1-.4-'UI. L, SA cc C3 c. f Z WZ I~~ .~.% ~ ~ W UU~ 0- 1-3%n 7-go - P %om-J; P-4,9 %,40~~%Wa. wW*'-. 4

WW WI0440 :344C. CZ=NJsyCqv I 6 -"AW OW % WOSWUX" zo m wzzzzzzxzzw..awzoq.z"*w- "0f * ~NC0

s-l ~" J9* U WJlLW LULpw~.o..L?-<1111
Li

127



cm q t'

4; w f- 1

Us * M

ip p" -a *: z
If- ca. "Id"L.U --f

Oro I Cfi .C iAW
f4e0 (Y~ I 0 cy+ ".

*%Vf 1- ii 0%*,

fto uzIN4"a d U.,
III"-w LDi I.t. T*0 w L Wu 1A

(.~.q-a 4. Le- 4c Z olq. q- 'o P449

-zwz. ..cC N +iJn=0 z c-zU
tu.1U. eQ w* "a~ gu .0 W.

WI* uup- MUM* At V*"~ r-e-.~~4 ~
"IflA d-OW (p U.*7'u 0fwNf 0 IpLQ39

waimck W___ I.. wl ma. +Q
fto OWUJ zu +WS 7 a 4~ Ow Zu.~U- W4 4
*&Cy, P"~ 10 Re. 0Acv u~7 "NI4 L W 2 2
P U.W £O-a-WCF.f-S F4 U.~3 4c aA-.0 .4g -

o Jd xI Wjuj 3l 1 Z viN clii iI

M4 U. U 0 zI W1- -
'.1o I %ruc1~ U I

MI . I-- u -*7i AnL z2 i
- -Q NMetw.N NW'IN

-1) LI OICY% 1 U.IUU

G-(?-w,4 LJZU -W M,-wWN +-7 LZW28I

_tl __ J-= t=z"F ~ -- 1+ Uz



-r --

A

.44

cis-

"4 01

X4 I I ui

(.DU U *

J . OILQIZJ

4 WUU

ZZ CD ZZZ

+in W4 wi.ga
"-4 Nccq

M 0 fn +U

I- 0  DNy p 0L C2 L 0

I-u4=Uf t- OL
(a +. *~0 w 0 0 W--LI~~p ZUO 1'4 0~w. I 4-~~~ 0s- 0c - m .X0 Ms - " D C yf P . 0 W LU J W4 r4. % iGui... 0 -4.7O-4x O'"t4 =0 do 0U 0' Q0".J M 01"') UJ7IQ M9 L N"4I I-LU N j ir- I'NUo N +U * w0

WM 4L w 0 0 W~Z0.u OL3 4p (.01 03*N3N0o w*WWWI m. ' -' r L 7 a . 4 U P4 LV .b w I -W uJ W Wu W J dc tJ O. " L

ftp.J mi 4 cc 0. WA cI- y -4 N YN N .. '

~1VI.N ai UIi w (.1u'.Lt'v 'a i'i~ r.41 W U
PW~g' $1 001 gw

uw W wcv 111
Cv)Mfl in clifnLU I12 ~l



'7

.4 91

( *U.U. 1 U

*5i Lc

coo co Li

dC WU a 4

*-4 I ^

+ 0 1 uj o

0 OP'ugVu* 0 * o
r-w +02okrn~*. s- *rJI.~a

LJ ~ Qm z g-~w #bLII'd w a w m_1WLuLj.go -ft I~~~u uI. *I IJ XaUV*W J LoL a 4
7-'7 -0sd U -

>-f~ B'AIUj U. Nwd I w.41'4 P.PI ma U
inr i q* +N 'c* * o*

**JL to ol S** ONx ""-
OU~l '76A W 90W WU ft&7 AW U I j L &Pdmw - 3UU id J

Ar w -KmCV LU 13P



171
+4

-t-2

C;4

"* 4

.4L77uLjx

Q.. +.z 0

h3. 4 131



-~~~~~r -W L- -, -- -- - -

CIS

LUI*C
-.x "o

4c 1 j
I- . f

9L I,, x 4cL

. u t ot'jd
>.I O adOdtjJ
XU CZP am J3

W Af Ii. wc L
w P- i dmX

M %pt ON, )-4 c m

-Wi t-4zx -- QU -Wft * L..XIL I-109 tvM
Qu Ap4Z 0"4. P.uo b
,.X fJ1U -06 02q -w P- c-?- -7 C

P4 " t O N... M 116 %,l d Z U V . 0 1 / U .- C % J 1 70 w tmw u j 00

Z42 Moe-* 1-- *44 Lwv .'700IM "2

w~ ~ ~ ~ ~~~~~3 0 jl -b zwWMo CW1 I-*0m
wIK aj qrLZ& ZZZ = OVa.& CLU 0 j- -+ IL

NL0 O U2->j zoz

vs WJL6L

132



Un

Li caw

-P I I.. iI- * Oul-
a. U ..

wr I,- sa --fw
*j CC -- 1-

u-. I = CP-=I17 L -uff u

+I I

z~ w~o.so.

ff x 4Zaxon f+ =
%w Pd.x - IOc

oIL tj
- C ., -~ ~ (~w cis

~ ~U~L133



- Ago

ab ui 0C W 1 4

*i *~d -1. * j a. iwuu
t-tq t 1-Le WIjl 4C " -l.6ZU .j -7

-Up q MA P". -UJd L4.W?
U. U. L S.I LU I .. 4 .. ~ V 0
CNN~ =) 2U w

A4A 4Iv- u -4a 1 9; UCI&- "4*UJ WI"
MUM~ LL ju~ A" LA. UW0'4-4- smLsul-viWJ 4

0- lb LIIr3 44 8.P- Ii 1.5 q IflPE Z-

4.J V) dI4 1-W Iec Crjlt 4( L-SWZ

U.Qh-j -U. ZO CO3W x )( zj?-C:-l 20 202CW I-U4 WLJ. OZu. f 4 444IdIW_.J41L'f I Ciz
LU w U wqu. a . WJPJ.I% UW 40 XvY-7

1U 1.i ob i v rl cxpl vJvi Alrjgwu Ik 1* 6

CCft i 9J 04 w1 U.3 -W at 3J1.4ifwoui qt U
4AIL4. .14. 41C-L -LOuu- AX X.JO. ftuw(wpwo
0 4-Z IW 3CW 1-U- LL W.j tJWZIJzm

(3:pob0 d o o 4.02 A. M1 &Z44j I W3

490, %L = O-eZ ZC03- 04 LJ + ~4~3Z

3CLU17 0 muJ p-o A-I- kf ICC UWWu~i3-%

LU U- I9f~ I -A I.-L Jg Ce)'W U-ZOv.71 L _ifl 4

9,U-)00LiU0-ad W ZZ Ij ~ r-0 4b- At
Mb. & U-IW'4J P~u 4L, LI 0-U Uld- rW ZW . W q
AXWU-4 C.,I = xvi- I 7 0IL) I. .

dg-P S% 1Ii- W7 3C U 0 .Q 'A -C I w~ .Z.W* -W2,lv0 Uuo4 I
p.04. if.- I I- .J . -W0WU.e I qC 9-U, tix4%V.4*-J' U iAj *]~l I

'- .- 4z g 04C 0I./ JZ.4 0U) )Pa 1 0 *o Wow" 4 NI 4 1
A*AQ 03 m6 VA1. ow A-i c-'LII I a o-' ).pW IlE.4

).-w 0 OW~-.Z4. A ~ 0L. ll 3C- 1 J UI Z40W'- WI 4C
JVW-4 'nOr 04C '- OOZU-m&4.L VIE 3 1 W4.I-'n2ZoflW >
-j a- 4.3- -LU t J4.0W pd)L W4i4t 1 0 0. UULU -9 a4. 9''W-iZ
)w2L' 4L Q 3-4C L =P4-- I t6 Z1 4bdx- XO~ b .

WAb~f~ WU.Z Clr-" 4CN I-Z nWz I uj~ -M.u tI9 I-

I-.* 091 14-4 P- W>cgUww4ww'a3 us~ .a s.I

4402 40 W' I -IU s WfLqttn I lAD 04
CZ'.§ at J. .5f1110 I V) )WO w

I/I VI.S- 00 0 - 1 u4w zu- I 4 W w S

UJUUUUUUUUnU-QiLtv IiCR cuUUUOUUIUU(JU.JU I

Z4- WWP-CAOOI tox~- mf 1 O34



JUW a.X 0 WUX. sx GOj w l c Z A;04 Q ~ L lJ"Ue. L JDIIL W No I--
w &o.4t 9"LK "dusai mjwm; W&~V .J 4 & - iLiU, fA Q&I 21..LW4 AWW .~JW&4swGL.)i -. 9 W

oI.wzL 4U4LW AL~ V) z.Lw I)UU

4UI IP~ j~- WCUIJ4.G W4WtL 4.L I
0" 1D4". 'dL Lj I dc .W5 L .~mjU4 *jc ow us .1'-II.IA.

j &&Lu 4 tj i C. $"L1JMAA ?-.J JUdIDW - PW-Ot U3.L lW%
4WP-Ui 4I -JWW0 64 4U X -WZCL LN - SI.Ql JW

zqow4z4~p ~ )N4u U.SO" W..30 zwL
AuiL 4Ldc-4L f~m~LJ, 0%VD "Wr £d&LIv W- .JI16AJ% I&WP

-Qy*) Li I a; W. *W.&-ufv.j b" SdxCj. Pjmc I
c ..j jaLIgggw.-.j4qqv) .e-f-wvI-4 P-iwl Ou 104cozo 49Lut.. -KLgwwI-w W0 W)-U D Zi OZN- 49W).- X

WU 4 I. z 040 wo -m Wr m.14 INuc 249 XI-Z -. w 00 MWA OU-44 I-100..j v10OW..i*w**O4WtZ ago =00 0P" W40 wwU .Jcf . cI- c atg -=az NW-Zzz I-af"* Z..IWWI acl
Ic 44"z .1 U(a 4W10ZZWJZ4b ACdZ2 1- -11 %U=M q.IJ .

I.- >?" U-j Z 4 W.6 b--.J) Wac w~~z Svj-v)Lfl uw4ili Puj 0- OtN-a 1"U.10O44I 6LUU4~ 44
40 dC - 10i4'USI 4& &A.ULJL4zoo= W- up )w ac)-34 14 mo iewt 0 490-jW i N* ) -4X WWZ "%-_j aCLU*- 0"M)0W"Hd~WU So ZC3 VM10CI-

V) >g U -w..m .L(JZc4wwwOgh -W.L..5m Woo-zo WWO0wwx
* BLII CC U a 0- -4'g t. V-3 0 QCCLW ?- -0- ZQL

C14 46-ULJ LW AZ.' =I-,-. XC.4 WW4d4=4 AI-U040 AC uI 0

44 N al" t. CCU UlZM alm- ft S.~9.44 ~ oizarwoaU4I- IL= CC" 4 Z 8)tf-J10W W~ I1tW-w- WgX gWW010 .Jzm. WO Ibcq 1 cJi.J )VI wLUZCAwZU-wglI" =p- zzoaam
= W214 CC LU W£ 10gWz= -U-WI.A~JWg

=N V.= wmWWOZ Zl- =..J CaWp-aw .1 maA 0 0 Q.UzW4-4"4 emzAU U)4b- awmzw 916V I. 1- OZ+ I II I

w azWgI-ZZJ4W 0soz 04zwf

00-0

j U IN )L 4 0

135



VO ) W I
.OW4Wjp up .61LLU

?-W; U OWQu.vILW Z~f-wb 4K 0% wt'&i.

044 -IWWU LU 00- -3L oo .J-t S4jL
Wj 4U4.4W .h4i" -V)44 "4Lum 9

W.UPV Wbs.V4 ZWO I 1 MNo **JPZZJU I
W0 A W tL:p .- Xu7ZZZ 's;LUJ 0 flVjZ 'J . I

Z) 4GL 20" MAX *IfULJf WU~ Z~~~O
Ac W.* -iod 2 to-Lr;

qj .j wg zwwi-wx IN- w: WO * MU .i-UN- I

".20 IOLL..14 I
44mw WW ++XMJWW- Z.L...4 IX

I-Io WJ9--Iz 9- w~lU V74A "W'Q.J Z -3 W1
xI W tom Z WO - 4q-- l JZOW 4

124 0.60 in~ Z 4 C OI WWC Po UIN.4 17X
w u i -UWO-X X 440 UO4 A F * tj

OWZuI-A ZUW.- u wq ow-IW
.LGW dL..4* 44R44 W WW 4-~ I LAO" 9
-Wi- zw >w WAPW.i'). p-~ tL ol 0- m- A

WoZ~I0-.4&XW4Z m-mzx zz)'.QA I Avo O-sw

Z .4LA C zI eo I%4
LU OL.4 I W= O

.1. U~ W~tL~aO.IWIMW U)WWW

MA ICdiZLL )w-4IJLZ.fS3I* JLwN
O-W W-w -JWW XWW 0W :P202 wo* I &

w~zZj-*>

136 oxL-000



-~ ~ ~~-~~- ~ ~ '-f' -~----v~- --

IrI

- rII ~ I I I U I

P-4 I lW I Jo I min I I Id
w zI I n -. 1ff)M I *I I

U.1 91 W I GPM I** t4LI I * I

I'q 1 0 .1 Ul I imd0 I W..D I Wi U. I
SI Zb" 1a I UJ. N Ir) qVII 1441 1 W '

1 WU. I d CI %tQOIUWl I u I I )e I
1 Iw -J a, I x I IN*I4 I Wffl I I " JC 1

4n ~ , I U.L 1' I 1 I- WUtr~ ; I UgIin l-dr

I465 1W 1C I4 1 &~ ( IQI a qw -u1 14

r(-iCu~ Ibsu us- 1 I 3M ow I~ fe 1~ I
a3t -mb,3^ 1 I 4XU I~ 3r I mI rvl) I jjI IA

W I taI I N.. YI t0N -- IL
Q'. IZO' I ~ t I U.1 %u' I lift I P-)-I I I-4"I.t

qW J I CV. 1 I W1 p.4 #coo I j I P'd In
v4p4.p&Nw I u).~ I * 1 W 0 P 1 of I-XWI I WNj m

%sOIJdftN' I -i I If ;-COW 1V N 4b I U&MI I j Q I
cc 1t 4 obI z I t I- .I- I M o. IWUc: I 1 4 l I

=j~ PN--W f Uj f 1 IJLLUI r. om41 IE fA V I lZI-WWI
0- 4%W t U. tiP loat-4 Im~ F i% W "I I V) .I

f-4 d*% I we~ P"~. I *Iluflt 1 W - I
obn. I L30 14I a-I 0"* 304r I7WI. v. aZ5rSoj 0

r4-..m *= s 8 .ow fI 1 11Un W~P U6 0 I9a *N1~l~ ~g~
X O-J.f I WI0. 1 41-U I *'or# to oM 1 1' 1~Q z.JZW*I
-cw'ZQ.?.' IZ A 0.1 0 NN 44 %. II0I)l.L 4V

XI~9pll I 1u~a IN. S0I-i P4- Iu1N: I.J u
Azo I ac( loll ~I IUO~Is ULL~
W- I4W IO~ IW Mi00 P l*-Ia I41U IcCI-.t

L04 -'N 0I UN I QI LZ.X I w I *ao 'I 4WI4 "cc fto

ofto" : Pao" Itf eel 9 w 10 W I l1-'A@IUI

I I .j 1 1 ~ 1 ULk!tU I %3t
W3Wf~Wp4qN~g I QCL f I4~I U N%%?I I aa oI IIJ6'lt- I
f&toU-4 f I DW I GIn I kaJo(& taml~ I M~ am 1 W4 1 -aC I
%.o I qLJ laki I J.1.IE NfI~'i, 1 fnmqeuI I win. I a~WI~ ., A .

-a -t I F-Um K".JN o I p-Ifl@. itjj I I-) I U I "WtjOIG
g- .4Z~ - -:1G 9 .. mnI IO.1 1 -C

O- -K ot W fm Wwl--1400a ilUI -. I Z
P- &-tw M I M cmo. I syr I 9313-30 1

K4 Cm U IusJ f) ow IJLgo UJU. Jt 4J *M I o- I 1". UJzuikn I

of~uvz*J- UZ t 9 0NA11 II ooI .0 Ia- 344



1 .1 I I

I~~~ de.l-

I WIL

CL iWIW

I LU I 1~ I. 12
'uU I I~ Ij
l p G9 I I i

1"I A II 1-4.
1 iWcL I IW 1j
I 6UJWW I lip I Iu
I u I &~ I
I)OsC O I I- i- i

-J CC I 1U.W)- w I~
L~uzJI I 1
Ixui I I LU I I10I
QW. I IW

I LU:UO
V) lLiz I CiId
0L I Im"Ol I z - flw 1w
Lu I W (n n I cc 1~ n*
V) N I I., Pa 1 ~.1~ to:

V YVW I cci + II
ccO Ce a:I s- Iia * i 1

oftOW) -4 1 mup" I Lt. .L. 00 IW-I
C6 t I ww IOa. It-l.UX0LI GI.LCL O0** N ~I - I

-XLV) 'I.. WJI WJO I I* -%-i .I w I

;42z ad -1-, NN N *N Om at il

)w .. Zo 22N 04 -1 ILU 1--- ^ Z*~zW wx WI 0 I a t
44 04&Z#dC ZXN II -u I Iqv Z*~'~.~ *£I2.s j1411. .

F4 0.0 1 ww ICJ U%%0.fvi'-5; 0 AO JO-toN0LiitP 17 vI U~IW6#P I CP"0 £WIWQLWa 0 CLAI I A0La:f 4
,-IVACCJ~ at 7 U.1 a"i IC0..- -0 WIW I d =NOI -

1.O.Ja. 9XL tic 0-7- .~p4z 1 QG(WoflUU NN LI N 1 'I .J"I%%Z I V)

WuJ VID1Ac W I VI-p"U.L) -N.JC2JV41 4 .JL I I "V) 10-
* .J..XLLP"2.*.4jC UY1.W .ICUJ I WUWWI I a~tXB9.*UWCW0WWWC"w,-ft. I PnLfc.4W I V)

tU uviu UL

138



________________ ~~ -

I8 8 88 cc I

Ii I I 8

lB I 1.8I~ Bc

1 81 BI I 61

8 I II I 10.1 I

V)V
B ~ ~ ~ ~ ~ U II* I I BB8~
B ~ ~~~~ II .Bp-21 1 &8 I 1B1

8 I B 8lo - I
it Bi 8u I I IIA

8 8 " I I- W6P4 I
B B B B 8 &P - I

B W I BU I I0

r 84 8 t- I "1-I Ba B I 8I I=Z
1 1 1. 1 1 U i I I

P8 I OL I B. )-8 IW W I 1*.
1" 8m 8 1 1 1 8w

I 8" V) 1 im3 (DO CLIBIlo
0:8 O II 0 IU I I acI I81.1 I
z8 IN 81 ow 8J IW I

I 86 I" z 9 1 1 18 cc1 1% - 1
NjI Ilkl f ? Z I BU) I - 4.I8

A,9I~e 8~d- 4.8PW 89 %%= 1B 4NP -
P. 86 + ~ O P-I<I88" 0 9W -F I W I -)1-1 o-

A MIa 4=Jo1 1 1lnf0 Itu. I + fn
'-48 I Au 1 1I WI t'.)w 8Z N1+1 PM OX C70

It I01 0 8o Q10- 0- 1 0 0

WI~ p 8I W I I v-B I 4.8)' j -j I a -I 4I
4LI 08W) 1I4LI&8G o-1 41WJ14 QLfwA-W8O.P IUb I'. Wil 8J9 W- 3

4C18-61i- LICU-- -11 B'&JC*6 lP I WO I NJ' I- Jw C
LIZ '08 8 BB1/~sIb.Lj7 ~4A)

WI1 P4 -' C-IY 80 w101N ..

sit WI 814J o.wB wowB .L8WQ.BU u u * u

1-8 -J48 Q-.&B"' ~ ~ I 8N"4*"139"e



0UOJ0O000o00ouoo 0000 V0000C30O
I1.C.0Sfl4D-Wi J.J.Jojamjj IJ.-N v. N~ U Q N

LS~wY.L v I usW I
I Z~w I j . 0
I . 'tt3 I cu I NJ 1 i I .u

Ium04 i*V 1 1 1 oujup IN

viD IW I U I IWP-4' 1.1.1
I" 10-43 xIm I ob P"I d
IW- 1 Woo I I 4 UtWIPWULU16 I ob I I&u I 

I Up l'I I In IWI-4" I..X
"ZWO. I J. 1 0C3IRu w- L2

5~4 1V w 1 I MLI ;4 01 -4

M6W*~ 1 b" I -Wvi-fWL I f I
IWu oW I do5 I OF-9-ZI wx

I U#U W- l I I I J. 0-OPW1W W0 u
I to 4w I A. I0 -u 1 1 zI 60U-I. I w'. I OZm I - o 9&4

IU p43-* I b" I Im WII ILU W 0
I 1PWV L I N*I IWUUPU& 14I. 61- d U Q1
I ALJZWJmQL I I L 1U3 )"waf r
I (uZf I Z' o 1 39I l6-ZI.W I o-~ 9w4-LwlZIw* w 0
IV)L02 I civ I 04~.Jc x Z
IWdvpu IW 4b *Z ICJIJ.4I.N W q p u t

1 U)I14 44 1QA-xtX P(

I " z I ~z 4Ub b IZ- CC V) 1 17)
I-Xot- IW wi. Li* JX I z *.0 u

IIM Z10&1 p...3X. 0fI~ " 0 z 

wlzuui~~~ of~ OZ WA-cxIty-P C
I " wwtu* cuo I u .wow I4i 40
1I V~' .. IZ 09LU IOI O.4w% z

I uI-. P ZI) 1 P4 041 xW -fI" . 0* II dl P

I ZLW1 M- IZ u -5. I 4 I . oft* x
I elt J 01-l. I 1-4I 496jZ I -..- Z-N-L +z w

woI -m I *VM wpz u0 swa

I 09 W4Ip W-CI7- - Z . o U. 0 LP. g
IUI-.Je-co oac.04>g CLU4 I Opq+%w CC a

I u I.- rL A I w I-.z JW SA.J s z- -.4SO-.J w.

1 .1w&~~ =14Z. Ib w a 1 ..bAW7 1bu. LI.0 LIUSZO -w to%~ C

N% N N 1)MC N rid
OfLLULILI N I4 dl JLaZ=I M"I L41-4- LI' m 3.5u-

I J -LVJU -U.P~l IWAU 4 %CU R -C~jw $ON0 14 t0fu



tmcy~ycr~m Ifl flm %qe ~evumiininminint wl~u o~o o~uo %r-A

I WLJI II

W I 1-i
I ~& " I 1 I 1 II0 Ul

I Ic V I I pI I
1 w~ 1-I" Idv I-

I x I u d
I fn I- I fII WWI- I

I )* 1i 0 M .:
I I I I IW1.w I
I p Zt W i I I I-o dczlL4 II tw N I Iw I I L1 aW-JV I

iwiwz I IWI I9 (jWLjUJ I
I = zq II% 14X1 I-L.)WGC I
I W Vu I LI A 8" zm

I PIouI ILz££.LWI
II4-CU I IIa I. H K>I W 1I
a ZFQcI I I us# 1 "0 ZW4Wq

I QZKPA I I ILI Il-I IWLLZ C9I
I 4Wlp I I I I~l W II 6 LAC
I ULJ % I I LOI IW U~ W wi I*
I W£QW r t i I JI IWWW-u IL II ~D&ZW 1 01m I I
10 ow I P IIS I IAI do* 1 0 0

I o WII -I I dI I i.OZZO1
to bw2IW2I uI II I P W U WI1-

I e--170I I'L I .J I dcI OWOZ0- I

;4I 491' I7 1 1WWL bI g I .OU.LQ. 'I

I b-u~f&P 00 1 c &Lit IW dMI )w -ZRm

I : I GY- I WI UJ IW L21 dm inW-x ic-

I %i4W t-1 001Io ~ )I _ b I cf owlImwa %

I~ W WI= 1 * cc 1 041WI Iw1 P1 P4K d
1I1 IWp I moo I l-) ICZI a.i~ ~IV)Of W 0

I "eI K I a 1 400 1l- C.*) IiI l WII- +

IWI 4cuz 1 4 01 )- I JOIWI
"I~~.-W 8- 111 -A srjv.i

- -WZO "Z 1£4--Z (.O ZqK-' ISI U)-" "
I ?J'..4U I -e-eZx 0W1 4% 1lUIO 4 00 f OIW0WUvii w Wf 4 ..
I IflW W I JMO I- .. ml-I IN u'I fu VIpm I I W W9 1 POP
1 LL-*Wc I K *'L a Ib I >-I 100N Ijo I us 1 11. ALL I .LJ9 L~ IKc(5v- 1b 0
I 9zj V) I CiU ~ I I C.L.L.iW I CL I P Iqi x I- I p-lU I 1- -7 "

I aUUwwI W J n N UM1U -O4 U 4px1_
lw-4wJU4 II- X O I Id x Pl - 4401W mlO- 4i n
INrP WW O1 oll- onN .00 V I 1lo

I . M)UU 0 UIJU V U I j- 11JIN p U UUI-3UI-IU U

141



I AJ I
I IILJ I

I pIM I

I JR ) I

I PIO I

,U, I,

l1- I

I;~ i-u 0 I 'S
I-V W I -ba w

l1-'u4 -1
lIIQ- -Wr

IWUI.-IMW, 1U a c

W ) I * I in wc* rn -Z in~ m,4

Wis-. I N4LIIc i pb * 0 OW/lI W*N [t0
nx i wi-w-w t 0 &' W* Z')7 34. ( 7 * I- Ui 0.. 03-j aU I.14C )-I' Li ... 5-d -'.0 .J z "XMsi
wi I -Lu wf* W%. 0W 4 490 0' UK: w, 4 zc0

mI NCU I LL. I9 N0~DJ -( >-W. w. .w NO.E.%-I
04 @-> I 8XlON *Q In. 0JQ~ -4I& *0 % me

lw I a-J uj 6 -W s-) lw 0 W% _N0 o *C .

-DJ IWAKJ~ 911 -J U 043 =a- I.- XU " N .. 043

Q- )1-& U" WU OU 1. "U~ I"L 0 Ud. t
04"O 0 aO4t IW N- i Q %"o9 W9 NlI I. V O

Zmp QXJULW'J 1 44 1- U~c~~ j '"~ L6-A -4 U OM A4

X-1426 J 3-wp#C -



Ij z I

I W.J I I

F wU - I

cc% I 4i XX I

F-z I).O1- I I- I .I-a I& w
1 &w.1 I dmUUUI I K4W.. I

o - -aw I.

12 IT:;;u I o9



do= 
-QW 

W*W o AO O00VQC Q 0 0ppmppf

tj
lu ( S O fW N U N 3Q

I UP

f UU%~r I. U.
Ac I Iuu Wo "

IiU I I I I W E &L -0= L A

I wit& I I .4t
I-J.LI L~w~ I-=

I~-
I -JLI I4 og.jW q
I LaoI I I -- i- W

I %"4 WI*-4 Ij -IdeiviI!I
I at- I 13" 1 ~ O A& OW

I L4Ido I *zU 4W:1

I zII t/I Iw1--U W m
I Oti I F -0 1 4LI6644"

I Or- I peI I x.tolwuWmlI I dKI I~ WA, ccI5 -

I L .I I IPtj o o.

I514 I - lciI LLW ( t

I LLIOC I z 4IW I -W u

I -d mC II =J 0-
I W)J1 I u ~ I - Li 41 AW UJI

I tuu1 1 $ Z " 144



WOI
VUI I

vi I- 
ow

"W CL

?-VLeICJ I
I-r- I

W x

z 00

-a ~ ~ ZV I"co"mZo. I r - n
-JO CO I

IKVO I~ ItI
Uft~1 '0

u uc I _I 'M .
K WI I -1*C 21 

JI&Z7u~ I? _w I C .d NO
W U ) I U 1 R I d o 0

ar. I 0Ui a-i" I ej 4ONU

4411 b "U 0 1 41P9zwz5. 1 * ~ V) V7 1 046 xuiww 15in q4.. ) I IV . s
10.4WL.p- I pb -- 0. 0

t .C j C I N y

Vit 1oiaY~zz

w-4

145



- ON

Wl V WWUWWWWW LWWWWWWWWWW0WIJWWWXJ
d4% 6 J 0.jW1UW I U WI0fl1 4 U

ow US 0 Iwu
mo. I ow 6 104w Aa.cu .- IL M.I,9

Ci 1 j4v 2r £Ce" V~G6- uW ACi m i~e4 1 ~L W/
Q.4 I 4..J c 4J..VD1lVUoW P4 4. 4k 96 J" Mt-

PwC7 I 0JJ b Q ww=a~kq 4 -1--4 4 WA4 w.~ 00p - Jb4

LIS I LU)D 316 40>oVJL~ UUW" Q ja1 0 l .P--o d

0. I 1 *~j- mUWlmiz bz* *o .W IA =Z-- I w
*)c I Z99J £ J6 44,% .J.W U- 0. x J £4 Ac r-oCL444W

&LUw I 1-I/I x V a. WL. ai upO Z' 96J U -2

mw I LLW U. . J 4W O14~u W o" 4 wo WOv)4-i4e..e0-e
VIP" I OlJ..J P Li g.."oJ.Zw =.Z b" x p- u7 6i~I .9

aw IWOCA 0 u - uZ40PVIC.Jw I.-~ ba Wm- 14 w 0Vcci.-0-0 9 4F .JI 9-LW44 44 AzW1-. ouu£.9- i s/U.U I.- o-W- 4 11-Z0L IJ - 3Za.w(
)mW( I &zi II. £&A .&Owc 4U OWL4 4 o 40w J-q
I1. 1 u ~ U.1 u -- 4.4 I ftw I P2 W*Z- *&4-W t-I 04w4&
oo I go 9U "2 4- Ww Z4419 0wi- zW 30 wI V711

zoo I a A 0I " I 0gz 4L0.j I-Z N cc v04W MON4 *01&j
Jo I 1 J U41 LL Z)w0* )I' 4 "44 4*9 WZ 440 X AJZO

ZW I '14W 4 0 ~ W 2 o-4*LL2 WY)p-l 1- C . jl 4£m
)wowl . uW 0 Cg* 0 * V) ac w~ow 4a O..4WW 0z4WU

e'.o I ZZ014 xz w 24%oow *s 04J w 400O1-mV4cnU
Liw I MaeLU a ; I 19 .*L U, (4ud 4cw)U '-7I0 0U "1 1 2u=
&-41 I 2w z W bz*14WLj -d' #44 ='~ R .LCWJOI- tu

-b I 1.10 X X LU 2z)'74ww- WWW 04.4.3lW9Wxz Lit"44

ow- I 04OqL :)ZLUg.cWl2G.."7-1f w LU oxz WIU"5.LL. 1

'ZW4 I ' M4 130 CL 00 441 0 1
WW' I L . 2 2LU)ZEWKwWWJ LU.U9WWWZU

z1' W ZO W UI 1-o" 4 00e~,4Z

:) .9- mz .3q 0 x be .4-WW~ )-~Z4~2C
LUX- I W14-~p~j V) W- us~~i4~9~Z ~ QUWZ04

CL4K~~~~il I ill"L c k

J.d I d-J .6 U
OXU I 9np.w.3U AIL

e.4N 4

146



wr -i

00U0~000U00v00CgC~x00L0Q J.ri* x
IL-r >1

xl-W ~ WW U U 1-1 U c ) a i i
uA-~"ui" - W~-J

UAC ~ ~ ~ ~ ~~ w zCJ JLWc P UOIFQ -U M -

L44= a W '.) mJm1 W UU WP- ) W ~ Wfi I

x Uw M Wf-0JWWWJ NO- J U. I-W Qkia ufl7m I
I-wo, u tuip -i 4 0U ~ JL 3I4 wx l tF g0 it-wU4

CO .0- ME .LWI& WWaz 0.0 w~ s--K~4V ui cc 0:s
"uJ z- acio Z~L accem.u J.I- )wu I7-'.wp

z QQlw1 P-U Uv oi OU *%A;m I

M =06~ Un- L6 z0-DillM 0.0 4 IP- W-0 1WW x I

0U. W '.- C10" 20 2JWL..I V) w O.-O0 I 4

.& O 3.fta UZOW IQiPCIW'EC 4%,WUiJ- J.4~LWW'W~ "a 4 is -5

1 z U. XZ JWW WW=4 'OU -- 4A I-W w-zou I 4
ZwU -~ mwWs -1. MLLJWI I IMXZ UW-.r=Q2- I

U. w0 w~ wO-aekcLww ipwqw u c0-* * I -
0 woo SZ 2 U4-0"OZO6I 1- 00aj U'.1wX. Q= WtLUW I X~

wup . w I- I- w zlpwXNA I- * wIJ4 1W

0 M wa W.A~w ~qW1010a.4 I&-ES
I-q IAW w c~ccaui wl-Uzm -U w uf-I-zI-I us t u G61-- f IL--f

wusncywz v~~zu 41;1f W~(xwx O 10 -O3W fs

vi LV i?-C A WOW, IwMOWWPC4Wg a w~ Ii-N

1- ~~~ ~ ~ I so 04 4w 4 wm)*h.)(.7_-ua O..0stz

usJ U a. 0 0Z 400

"Mcjv)40 00 wZa0xN Jca IXU- OU "z W4 17
zw ~ ~ ~ ~ 3 0 14CI -AX "JX ~ -kz jV

XAVZM& MM=Z"^" wwWWP
_iu ccXCJL wQ WAZXV -24--OWw f9L -d-a
mwawz.44WtLZ~~ W CZX- XA 4t z IP
WM3 ~wo dxuz m U14- -=xxWU04*- p-..Sr

UUUUUUUU WUUUUUUUUUUUUUJUftJLU UUU

147Z



OIL x
p000as 0C000t000000Q0 000

M61%o ouu 001.

n.c Gn 4.3

OWN (3I 4444 4to

40 X 0-3-

21230WPOWS 04& 0

U.4 Il~twkPQ PU4,
L2Z Lu %WW

0tf OX
Iu zzzzz 4c

z 4c~

4Ku .'t Z ZZ ZZ-NVA
&wL"

P1-ti- zac * I-ifr-ftg
- ~ W- 0w.J a-u =C'4(4 U.

43w :P-.a w IZ
wj ude ;c AnimA n fw 4 IP

-'MW am3i-

wJ Q I.)'4P w 1.1.. Kf

I- b- w.l- m w243O A I
0 0- I.V7 oxZ 4

0-104 1- 0 .1- lb 4Kc w)LJWJLCQ
-~Pfik .. -.4 04f-. CC -1 4

Q dN-.-- 01 0 X->. 0~ 42-.0E? .. 1 r4zw,) "" o

- . +JZ zm z z
-16".Z 4 44ID>X* +XX~2 W-.t a LaI

ZZZZZZ a q.3 * 0.>CC ml- cf~ccla~~ *ZXM.w10-.Lf " Uo ( V2

V I- 1.0 2gJ~ ZM XIdVL EU "- V

iWW twWWwuw ?-.JW-' J" I .-- .4 a .JWX Lu LU I.
3 pm .5.1 &GLV1-3 ,J44P L 2U9

UUwQO3.qx"4cpl1 b44 -4 ZO w 13 U
pa 0 J1 r ci

148



LUULUWU

LU0

ow

U4

-cJ

w

LU.

%OWd

WUJ

414



ImaU

LL.L O

Iu,

It p

I W.

I CCI Pf

I ON-.

I 9-1.W

is WI J*U

iisi



UJLU UJW JLUJLU LUUwuju~uw wujuwuuj~uJLUJ________LUL

LULU jdq-j LL 4-

~IA~tflwj Vigj -w w w
* 4!..JLJ Op-? IU .

W.Ja1-cU) L3. us *Lhw VLJ

Wa- 

~w..ui~4ow -~. U C I 3. UAW

IwK4 %x4
W U =3-oizg. o c0

tt. I-- ZZ0ZZ 4U tLLU 44 U)
02 40o *u-j 1 W 0 ~-0 IJvi w

ccofwt."Ip W o .- U us w ozii- M. w4~ u 1ft 0 bo VI ob 4-o U i Wu V) ~'ZZ ~u w I
I.-Z ~ ~ .J O- tL..QWW. I u

Uzkg-ZL@.-W W ) I- W-W W W z
WAAJ V)4u us -J soW wi I
)lw,-)- -i-. w~ z MLWO 4Z44wZ 4Z Izqca.- %a W> WUtfl4 U),.. 0 U Z W 4 ZL

394 CJZ 44WZ 4c cc &4 deC ~ 4 W w~0U ) U) , I II 1 B
zoV. M~ I-K .4-.. x. MOL~ )"C

~ 'U)~tyWIiw)U -J W b4 Z4 U)& W 490-2 = 2ZZ30 u zw W> a Iu j*mo6.-a-%aa 6aa"~ -AU ~w LLOW..Wv Z .s
)*06JOLI4JUI.II3C"4 4 1m-U I-OA -am me 1.1 cc

tJC C4~-Z lg~t;3 - i-151--uU C~



- - - - - - - - - - - - - --

LU W W W JW W W W W W W IJUI W W W JW W W W W WJUL W U J Jw UJU U

luW

ob 49L -A

ob *WJ-

A.A

CL
*w

* b

.L0q Lz f

O-4 * +L

^4 004V XX

ft )G~ g '.4dLJ +-
a Sao~m

Mb P4 N * o2
x N ~ A w . . w N_

O W *anm W. 2* WeXIZ 6 ;(O~q O*- a: -L - JIU -J~ W8 80% W'~U S%0. 4) =Wq40 Vd)w **#),. 'N 3 . 4Iz Nwf VCOP N U. -lwuj ft- 10'w JImpPW It 
0 p O

Z. rvrno 
.2 N m Sw 

N

OW"4 L I -4 U54 
-%"tU U- 44- WU L1 LL Lj-l ULi W- t) wS

152



Tyr MM - - -

LIST OF REFERENCES

1. -Apostolakis, G. -E., "Analytical Estimate of the Error
in Conventional Point-Kineti: Reactivity Due to Spatial
Effects," Nuci. Sdl. Engr., 53, p. 141-1529 1974.

2. Yasinsky, J. B., "On the Use of Point Kinetics for the
-Analysis of Rod Ejection Accidents," Nucl. Sci. Enar.,
39, p. 241-256, 1970.

3. Jackson, J. F. and Kastmnburg, W. S., "Space-time
Dynamics Studies in Large LMFIR's wi-th Feedback,"
Nuci. Sdi. Engr., 42, p, 278-2949 1970.

4. Nguyen, 0.- H. and D. Salinas, "Finite Element Solution
of Space-Time Nonlinear Reactor Dynamics," NucI. Sci.
Engr., 60,- p. 120-130t 1976.

5. Hanford Engineering Development Laboratory Report HEDL-
TNE 92-128, User's Guide for GAPCON: A Cornguter Program
to Predict Fuel-to-Cladding Heat Transfer Coefficients
in Oxide Fuel Pins, by E. R. Horn and F. E. Panisko,
1972.

6. Hanford Engineering Development Laboratory-Report HEOL-
THE 74-47l Melt I I-A 'eutronics Thermal-Hydraulic Com-
puter Program for Fast Ptactor-Safety, v. I1, by A. S.
Walter and others, 19n-

7. Hanford Engineering Development Laboratory Report IIEOL-
THE 75-50,' An Analysis of the Unprotected Transient Over-
P ower Accident in the FTR, by A. S. Walter and others,
1975.

8. Naval Postgraduate School Report NPS-69Zc-76111, An
Optimal Compact Storage Schemeo for Nonlinear Reactor]
Proles bXFEM9 by 0. Salinas, 0. H. Nguyen,, and R.'
Trane, )9]

9. Naval Postgraduate School Report NPS-53Fe-76051, A Pro-
g ram for the Numerical Solution of Large Sparse Systems
of=lebraic and Implicitlx Defined-St if Differential

Equations, by R. Franke, 1976.

10. Lamarsh, J. R., Introduction to Nuclear Reactor Theoryq
Addison, Wesley, 1972.-

11. Salinas, D., D. H. Nugymn and T. W. Southworth, "Finite
Element Solution of a Nonlinear Nuclear Reactor Dynamics
Problem, " International Conference _on ComoutationalMethods in Nonr~n-ar Mechani, -AusiTxs .T

55,1974.

153



12. Semenze, L. A., Lewis, E. E., and Rossow, E. C.,"The
Application of the Finite Element Method to the Multi-
group Neutron Diffusion Equation," Nucl. Sd. Enor.,
47, p. 302-310, 1972.

" 13. Zlenklewlcz, 0. C., The Finite Element Method in -Engi
nenqrjqSctience, McGraw-Hill, 1970.

14. Zlamal, M. "On the Finite Element Method," Numer. Moth.,
12, p. 39i!409. 1968.

15. Personal conversation with Dr. G. Cantin of the Naval
Postgraduate School, 1976.

16. Cook, R. D., Concets and Applications of Finite ElementAnalysis, Wiley, 1974.

17. Zienkiewicz, 0. C. and C. J. Parekh, "Transient Feld
Problems: Two-Dimensional and Three-Dimensional Analysis
by Isoparametric Finite Elements," Int. J. for Numer.
Heth. in Engr., v. 2, p. 61-71, 1970.

10. Sarsoum, R. S., "On the Use of Isoparametric Finite
Elements in Linear Fracture Hechanics," nt. 3. for
Numer. Moth. in Engr., v. 10, no. 1, p. 57,17 6.

19. Belle, ., Uranium Dioxide: Properties and Nuclear Ap-
plicaions, Naval Reactors, Div. of Reactor Development,
.S. Atomic Energy Commission, p. 189, 1961.

20. Lew, G. T., A Three Dimensional Solution of the Tran-
sient Field Problem Using Isoparametric Finite Elements,
Masters Thesis, Naval Postgraduate School, 197

1

3.54



INITIAL DISTRIBUTION LIST

No. Copies

1. Defense Documentation Center 2
Cameron Station
Alexandria, Virginia 22314

2. Library, Code 0142 2
Naval Postgraduate School
Monterey, California 93940

3. Department Chairman, Code 69 1
Department of Mechanical Engineering
Naval Postgraduate School
Monterey, California 93940

4. Dr. D.. H. Nguyen (thesis advisor) 1
4625 Larchmont NE
Albuquerque, New Mexico 87115

5. Assoc. Professor D. Salinas (thesis advisor) I
Department of Mechanical Engineering
Naval Postgraduate School
Monterey, California 93940 J

6. Assoc. Professor R. Franke (second reader) I
Department of Mathematics
Naval Postgraduate School
Monterey, California 93940

7. Professor Gilles Cantin I
Department of Mechanical Engineering
Naval Postgraduate School
Monterey, California 93940

8. LT R. E. Kasdorf, USN (student) 2
129 Redondo Ct.
Marina, California 93933 3

4

2.55 ;


